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“Das hochste ware zu begreifen, dass alles Faktische schon Theorie ist” 

—Goethe 


True understanding comes with the realization that everything factual 
is, in essence, theory. 
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Man is a toolmaker. And tools have given him the 
power to cope with, and in some cases subdue, the forces of nature. 
They have enabled him to build and destroy civilizations and to 
organize and manage the activities connected with his life on this 
planet. Tools include systems and methods for managing. This 
book is about management tools—recently developed, powerful 
tools that, in the hands of alert and perceptive executives, are be¬ 
ginning to shape the paths and destinies of man’s instruments of 
production. 

These tools are new implements for management. They are per¬ 
haps as significant for today’s world as the plow was in early agri¬ 
cultural societies. In one sense, however, they are not new. Man¬ 
agement is a universal activity of mankind. Management tech¬ 
niques and methods have been evolving continuously through 
history. Discoveries and inventions are seldom forgotten, and each 
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opens the way to many others. Double-entry bookkeeping, used 
over 500 years ago, is but one of many foundation-stone inventions 
upon which the power of modern management is built. 

It is only recently, however, that the potent methods employed 
in the physical sciences and mathematics have been brought to 
bear on management problems. World War II saw massive forces 

armed with highly complex technology—arrayed in a life or 
death struggle. Traditional methods of deploying and managing 
these forces were quickly supplemented by analytical techniques 
developed by scientists and mathematicians. The process whereby 
this was done became known as “Operational Research” in Great 
Britain and “Operations Research” in the United States. In the 
intervening years, business and industry have drawn upon these 
developments and supplemented them with others that had been 
gradually coming into wider use, such as statistical quality control, 
cost accounting, capital budgeting, and behavioral science. 

We have reached a point in time when such methods have be¬ 
come elaborated and applied effectively in almost every aspect of 
our industrial and institutional life. On the other hand, much of 
the power of these new tools remains untapped because the under¬ 
standing necessary for their use is not available at all managerial 
levels. There has been a large number of excellent publications on 
the various technical aspects of these developments—linear pro¬ 
gramming, Monte Carlo and simulation techniques, inventory 
theory, game theory, queuing theory, and systems analysis, among 
others. However these publications have been mainly addressed to 
professional scientists, not to managers. But managers hold the 
key to successful applications. What is missing is the capability of 
the executive to put these powerful ideas in place and make them 
work. I have attempted to fill this need by addressing this book to 
executives who want to understand what these tools are all about 
and how r they can be used. 

The threads of the various scientific developments in manage¬ 
ment have merged today into what are now called the manage¬ 
ment sciences. These sciences provide managers with new power 
and truly effective managers must find a way to understand and 
apply them. Understanding how they are used is very similar to 
understanding how to play a better game of poker. The rules of 
poker are simple, and virtually anyone can play. By following the 
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rules, one can play in a game for any stakes whatever and, w ith a 
little luck, not lose everything. But it would be foolhardy to play in 
a big-time game, merely because one knew the rules of poker. It 
takes more than just knowing the rules to play a satisfactory, let 
alone a winning game. Among other things that a scientific inves¬ 
tigation of poker can teach are the odds on drawing one kind of 
hand or another. A novice who does not understand these odcls, 
playing against a person w r ho does, is certainly under a great hand¬ 
icap. He might w r in, but it is unlikely. Clearly, understanding 
probabilities is not the only determinant of success. But even 
knowing the odds can improve decision making and “profit¬ 
making potential” to an enormous extent. 

Similarly, the methods of the management scientist can be 
applied to business and can yield an understanding of the “odds” 
and of the ways to improve decision-making processes of managers 
at all levels. In addition to analytical methods, the manager can 
command the power of the computer. The computer is both a tool 
of the manager and a tool of the management scientist. The com¬ 
puter’s technological development has been the key to the progress 
made in the last decade in the management sciences. Managers can 
analyze and examine decision problems today that w^ould have 
been virtually unthinkable only a few r years ago. Therefore, I stress 
the development of computer-based management information sys¬ 
tems as one major factor of the new^ pow r er that these tools give to 
management. 

I have attempted to explain the significance of the management 
sciences and computer systems in modern business. I have tried to 
write in language that will be understandable to the executive. 
Theoretical concepts are of no avail if those who must put them to 
w r ork do not understand the “how” of them. Therefore, I have in¬ 
cluded some historical background of the development of compu¬ 
ter systems and management science and, more importantly, the 
w T ays in w r hich these tools have been used for more effective deci¬ 
sion making. I hope, through the use of examples of applications, 
that this book will provide a basis for understanding how imagina¬ 
tive managers develop and implement new approaches to their 
problems. 

I recognize that business organizations do not always readily 
accept innovations. Changes can be viewed as either too radi- 
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cal or too costly. Often the need for change is not even admitted. 
As a result, the techniques employed to accomplish the purposes 
of an organization are often inappropriate to situations that 
represent the forces at work in the external world. Of course, if 
these forces are changing slowly, an organization can take its time 
about adopting new methods and ideas, for the gap between 
the old and the new forces is never very large. As change ac¬ 
celerates, however, the gap widens rapidly. Organizations can be 
quickly left behind. When this gap grows too great and competi¬ 
tors are forging ahead, the organization may become ineffective. 

To prevent this in the modern business world, the executive 
must be able to communicate with and use the talents of manage¬ 
ment scientists and computer experts. This book was written to try 
to bridge the communications gap that so often exists between 
them. I have drawn heavily on my experiences in many organiza¬ 
tions over the years since World War II in attempting to make 
operations research, management science, and computer systems 
profit-making tools. It has been my good fortune to be associated 
with institutions that were in the forefront of the development of 
many of the noteworthy applications that exist today. Much of 
what I have learned and written about here stems from work car¬ 
ried out in collaboration with colleagues in these organizations. I 
am indebted to all of them and in the separate acknowledgments 
have indicated some to whom I owe special thanks. This book re¬ 
flects many ideas I have expressed in past speeches and papers. 
Those papers that should be especially singled out are listed. 

It is my hope that managers who read this book will come away 
with an appreciation and an understanding of what can be done 
with the tools described, and with a feeling of responsibility to 
achieve major improvements in the effectiveness of our society as a 
whole. They, themselves, are the only ones who can make the 
promise of power in these new tools a reality. 

David Bendel Hertz 
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Why Management Science ? 


L an increasingly complex business environment, 
management science techniques are providing a growing number 
of firms with decisive competitive advantages. These techniques 
are achieving even greater effectiveness as they are increasingly 
coupled to the expanding power of the computer. In effect, they 
help supply the answers to the three basic management questions: 
(1) Where are we heading? (2) Where should we be heading? and 
(3) How will we get there? Management science techniques can 
furnish corporate decision makers with realistic, dollars-and-cents 
evaluations of alternative courses of action aimed toward specific 
goals, and help shape their decisions accordingly. 

In recent years the use of computers has permitted the develop¬ 
ment of management science applications that until now have 
been either too difficult or too expensive to undertake. And com¬ 
puters are successfully being used to implement complex and 
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sophisticated management systems that could not otherwise have 
been efficiently administered, such as the warranty systems of the 
major automobile manufacturers that keep track of individual 
cars from the time they are entered in the production schedule un¬ 
til the warranty runs out several years, and perhaps several pur¬ 
chasers, later. Thus supported by the computer, the scope and po¬ 
tential of management science in energizing new and imaginative 
management processes are enormous. Changes will involve not 
only the information inputs on which major business decisions are 
based but also the types of decisions analyzed and the significant 
factors examined in the analyses. 


MANAGEMENT SCIENCE TODAY 

r' 

! Management science methods include those derived and applied 
in operations research such as mathematical programming, critical 
path scheduling, waiting line theory, business model building, 
and systems analysis. These methods have been well publicized 
through their use by large corporations and government agencies. 
The food processor H. J. Heinz Company, for example, developed 
new methods to determine the routing of shipments of ketchup 
from its six plants to seventy warehouses. As a result, direct ship¬ 
ping costs were cut by many thousands of dollars annually. The 
company later used management science methods to plan its entire 
warehousing system for all products. «SKF Industries has reported 
savings of over $100,000 a year through production scheduling 
based on a single application of management science. 

P Scott Paper has developed a broad-spectrum systems analysis for 
evaluating proposed new products. It reports that its performance 
has since been considerably better than the 75 percent to 95 per¬ 
cent failure rate for new-product introductions experienced by the 
nation’s 200 leading packaged-goods manufacturers. Lockheed 
Aircraft makes extensive use of management science for its long- 
range economic and sales forecasting. Raytheon uses PERT (per¬ 
formance evaluation and review technique) network scheduling 
techniques to control large-scale, complex development activities, 
while Continental Oil and other oil companies use management 
science techniques to get hard data on the risks and returns of their 
major capital investment opportunities, j 
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The Ford Motor Company has become especially conspicuous 
among the many other leading corporations that sharpen their 
competitive edge through applications of management science 
techniques. Some of these applications were carried to and ex¬ 
panded at the Department of Defense by Secretary McNamara, 
a Ford alumnus. General Motors and International Harvester are 
among the other automotive companies making profitable use of 
management science and computer systems. General Tire and 
Rubber and U.S. Rubber also utilize such systems. Every pe¬ 
troleum refinery in the world has been programmed through these 
techniques to get the most profit out of its process equipment and 
specific crude oil supplies while meeting customer demands. Lead¬ 
ers in industry after industry are similarly employing manage¬ 
ment science on a growing scale. In fact, there is virtually no major 
corporation that has not reported some use of these tools. Al¬ 
though there have been numerous failures, as occur with all inno¬ 
vations and widely used new T techniques, the successful applica¬ 
tions continue to grow in number, sophistication, breadth, and 
payoffs. 

j Use of management science is by no means limited to the na¬ 
tion’s biggest businesses. In fact, the payoff ratio can sometimes be 
higher for a smaller company than for a giant corporation. One 
medium-sized firm, for instance, frequently changed its single 
assembly line to accommodate the manufacture, at different times, 
of twenty models of kitchen sinks. The changeover costs substan¬ 
tially reduced profits until a management science team provided a 
set of production-scheduling rules, cutting the costs by a third. 

A small company that sold a line of portable machines to indus¬ 
trial users applied management science to yet another area- 
marketing. Concerned over its declining sales, this company 
assigned a management science expert to examine whether its 
scheduling of sales calls could be profitably revised. Routinely, its 
salesmen called on approximately two-fifths of their accounts in 
any one quarter. The researcher determined that the average ac¬ 
count had a 30 percent chance of being inactive if it were not called 
on during a quarter and, if it remained active, would produce only 
70 percent as much business during the quarter as it would if it had 
been called on. The combined difference came to about 50 percent 
more business from an account that was called on as compared 
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with one not called on. The firm’s management thus obtained a 
really solid justification for significantly increasing routine sales 
calls on selected accounts and, as a result, reaped a six-figure in¬ 
crease in annual gross sales with a spectacular rise in net profits. 

Clearly, management science combined with computer systems 
has demonstrated its effectiveness. It has, in fact, become so wide¬ 
spread that no executive can afford to ignore its potential. Any 
executive who fails to develop a general understanding of what it 
is and fails to learn how to take advantage of it may be endanger¬ 
ing not only his company’s future but his own. Qn the other hand, 
the development and application of management science on a sig¬ 
nificant scale is just beginning: managers at nearly all levels and in 
virtually any kind of business can therefore find many new oppor¬ 
tunities for using these new tools successfully. The purpose of this 
book is to describe, in simple terms, the kinds of opportunities and 
benefits that management science can provide to business today 
and to sketch the outlines of future developments that promise 
even greater profit opportunities. 


BACKGROUND OF MANAGEMENT 
SCIENCE 

What has already been said suggests that the management sciences 
have become the most significant of modern approaches to busi¬ 
ness problem solving. Almost every graduate business school or 
school of industrial administration or engineering now gives or is 
actively planning courses in management science or in various 
related study areas: operations research, quantitative methods, 
computer systems, and mathematical programming. 

Management science (the management sciences) is a fairly new 
term that is perforce open-ended in scope to accommodate new ap¬ 
plications and discoveries’.fThe management science field may be 
broadly defined to include all bodies of scientific knowledge and 
technology that prove effective in helping to resolve problems of 
managing any organization or enterprise)A large part of the man¬ 
agement science knowledge that is bringing about fundamental 
changes in business management today consists of analytic meth¬ 
ods of projecting quantitatively the probable results—in terms of 
costs and revenues (benefits)—of alternative decisions or courses 
of action taken in complex or uncertain enterprise situations. (A 
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large segment of the management sciences falls under the term 
“operations research,” which includes such branches as linear pro¬ 
gramming, mathematical programming, network analysis, 
queuing theory, and search theory. 1 ) o 

0 Operations research techniques, for example, draw on the 
whole of scientific and experimental methodology; people- 
oriented (behavioral) sciences are generally considered to be part 
of the present management science package, since management 
deals with people. And because the use of computer technology is 
an intimate part of today’s management process, we must look to 
the systems analysts and computer programmers—and their tool 
kits to supply additional underpinnings to the burgeoning new 
world of management science. Thus, management science knowl¬ 
edge embodies the methodology of scientific research; it also very 
often incorporates the sophisticated mathematical techniques of 
scientific research and hence is most frequently put to use through 
advanced computer systems. Management science, then, is an ap¬ 
plied science based on mathematics and the physical, biological, 
and behavioral sciences. 0 

For all its present uses, management science has not yet come of 
age. Today’s management science applications can be likened to 
those of cost accounting thirty years ago or of statistical quality 
control twenty years ago. Each of these tools gradually had to dis¬ 
place more primitive methods and concepts, slowly developing 
adaptations and applications for all kinds and sizes of businesses, 
manufacturing firms, extraction enterprises, service activities, and 
marketing concerns. Now there are cost accounting and quality 
control approaches to fit every need and every purse, and both of 
these tools are unquestionably accepted as parts of sound manage¬ 
ment. This same development is being repeated in the manage¬ 
ment sciences. 

Management science has just begun to develop such diverse ap- 

1 Each of these terms represents a branch of analytical or mathematical the¬ 
ory applied to a practical problem: linear programming is used for efficient 
resource allocation; mathematical programming, which encompasses linear 
programming as well, is also used for resource allocation, with fewer restric¬ 
tions on the formulation of the problem; network analysis is used for the se¬ 
quencing of activities (simplified or special aspects called critical path meth¬ 
ods); queuing theory is used for servicing activities, as in check-out counters or 
airports; search theory is used to effectively locate desirable materials, e.g., ore 
bodies, customers, submarines, q 
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proaches. Authorities generally agree that management science 
stems from the advanced statistical methods applied to manu¬ 
facturing in the late 1930s 2 and that it came into large-scale use as 
the “operations research” or “operations analysis” of World War 
II, to help solve the enormously complex new problems of strategic 
and tactical decisions that faced military staffs. Winston Churchill 
in 1939 called upon some of Britain’s leading scientists to help fig¬ 
ure out how the newly invented radar devices (which were in criti¬ 
cally limited supply) could best be used to protect England. The 
problem involved the possible attack routes of German aircraft 
and their targets, the defending airfields, and the placement of the 
small number of available radar sets with limited detection ranges. 
The very best mathematical and scientific brains were able to work 
out a close-to-optimum placement of those twenty sets, and they 
were used against the German attackers with decisive effect in the 
historic air battles that followed. 

This kind of problem presented a number of new and compli¬ 
cated technical and operational variables and relationships that 
the military men were not used to handling and could not “opti¬ 
mize” alone. Operations research (OR) gave them a basis for deci¬ 
sion by quantitatively weighing the consequences of an enormous 
number of possibilities and sorting them into manageable 
categories. 

This quantitative evaluation of the consequences of proposed 
actions is still the key contribution of today’s management science 
to the executive decision maker. 

Other problems solved by military OR groups during World 
War II involved deployment of antiaircraft fire and the best use 
of escorts for convoys. United States Navy OR groups developed 
some innovative convoy escort procedures with spectacular success. 
It is worth noting that their recommendations—ultimately 
proven in practice—were counter to the conventional and intui¬ 
tive answers. In the course of analyzing the problem of searching 
for and attacking submarines, they also invented the now well- 

2 A pre-World War II application was the use of mathematical techniques at 
a large department store—Bamberger’s in Newark, New Jersey—under the 
direction of Harold Levenson, a former astronomer and then treasurer of the 
company, and Dr. Arthur Brown, a mathematician, to help determine the best 
patterns of store evening hours, to determine advertising effectiveness, and to 
attack other such merchandising problems. 
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known branch of mathematical operations analysis called search 
theory. OR groups in the United States and elsewhere undertook 
numerous assignments, some with more success than others, but all 
had as common features collaboration between scientists and mili¬ 
tary men and results stated as quantitative evaluations of alterna¬ 
tive solutions to the practical, operational problems at hand. 

After the war, OR was used more and more in industry, at first 
in Britain and then, from about 1950 on, in the United States. Not 
all the attempts were successful: the military problems and the 
methods for their solution were seldom similar to commercial 
problems and solutions, and there was not the same urgency on the 
part of the researchers and realization of need on the part of the 
users. Some of the terms that had come out of military experience 
seemed a little out of place in business, but because “scientific 
methods” already had an old and honored role in solving business 
problems, businessmen in general did not consider these ap¬ 
proaches novel. Certainly the businessman was used to looking at 
quantitative information as a basis for his decisions. The term 
“management science” is more appropriate for the techniques of 
operations research and similar tools that are starting to emerge 
than “scientific management”; it signifies, essentially, the various 
ways that scientists may analyze industrial and institutional man¬ 
agement problems. In the early days of applications in business, it 
became clear that there was something new and useful here, but a 
number of years passed before a clear way of defining it evolved. 3 


METHODS AND TECHNIQUES 

Today a large body of management science techniques continues 
the original OR tradition. These techniques are focused on the de- 0 
velopment of analytical models, i.e., logical or mathematical rep- 

3 During those years, the Operations Research Society of America was 
founded (1953), as was the Institute of Management Sciences (1954). Both have 
flourished and published professional and managerial journals in the field 
(■Operations Research, published bimonthly by the former, and Management. 
Science, published monthly by the latter). Many universities began to offer 
courses and degrees in operations research and management science—among 
them Case Institute of Technology, Columbia University, Carnegie-Mellon 
University, University of Pennsylvania, Northwestern, Stanford, University of 
California, and Massachusetts Institute of Technology. As noted earlier, most 
major universities today offer degrees or courses in the field. 
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resentations of a management problem or situation. These models 
are intended to describe, analyze, and present information con¬ 
cerning the outcomes of alternative courses of action in terms that 
measure the achievement of stated objectives for government, 
business, or other institutions. This kind of model building is 
variously called operations research, operations analysis, systems 
analysis, or cost-benefit analysis—depending on who is doing it 
and where it is being done. The purpose of model building is to 
improve performance through quantitatively and analytically in- 
^ formed decision making? This book will concentrate on model 
, building and its applications to management. 

0 Analytical tools for dealing with uncertainty and complexity. 
Two branches of mathematics—probability and statistical infer¬ 
ence, and higher algebra—form the basis for many applications 
of management science in industry .^Because of their key role and 
frequent use in model building, it will be helpful to know more 
about these tools. J 

' The future is always uncertain, and the results of critical deci¬ 
sions often hinge upon the outcome of extremely variable events. 
Things never happen exactly the same way twice; they will often 
fluctuate around some average. Probability and statistical mathe¬ 
matics are proven and powerful tools for helping businessmen 
0 cope with inherent uncertainty. 

i 1 This very uncertainty provides the entrepreneur with his oppor¬ 
tunities to build new business through taking risks; e.g., to 
introduce new products, to build inventories, etc. Sales vary 
from week to week; equipment breakdowns occur at different times; 
products come off the production line at irregular rates. Uncer¬ 
tainty is universal and lies at the heart of every planning and 
scheduling problem. The businessman’s solution is to provide 
margins of safety: inventory in the warehouse to meet unexpected 
demand, spare parts to guard against equipment failure, and stand- 
o by labor to avert production line bottlenecks. 

§ Such margins of safety are expensive. Uncertainty thus brings on 
real costs as well as potential profits. This is an ideal problem for 
the mathematics of probability: the measurement and determina¬ 
tion of the limits of uncertainty. What are the odds on tossing ten 
heads in a row? This can be very similar to asking what the chances 
are of getting ten orders on a given day for an item with a usual 
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demand of one a day. Management science uses statistical methods 
to determine the margin of safety that must be provided for serving 
a given probable number of customers within specified cost limits. 

By using statistical methods that provide means for determining 
the probability of running out of stock for any given inventory 
level, one can balance the cost of providing extra inventory against 
the cost of special handling or loss of sales. 

Other problems in which statistical methods are useful as a 
management science tool include helping management determine 
how many check-out counters should be provided in supermarkets 
to avoid long waiting lines, or how many truck-loading positions 
there should be at shipping platforms. The determination of the 
best sizes and locations of warehouses and other material-handling 
facilities can also often be approached through the use of these 
techniques. And, as will be seen, the concepts of probability and ^ 
statistical methods play a large role in quantitative analyses of in¬ 
vestment alternatives. # 

The second frequently used branch of mathematics—algebraic ' 
or geometric analysis, and specifically linear programming arid 
mathematical programming—deals with the problem of combin¬ 
ing many variables or factors to give the combination that best 
achieves a specific objective. For example, as noted earlier, the best 
combination of crude oil feedstocks and process methods to yield 
the most profitable mix of products at a petroleum refinery is today 
universally determined by linear programming methods. This ap- ? 
proach can help businessmen solve extremely complex problems. 
Management of a modern business involves the need to select from 
a great many possible courses of action some particular combina¬ 
tion that will satisfy in a profitable way a variety of simultaneous 
technical conditions, constraints on the use of resources, or output q 
requirements. 

Thus, a pioducer of feeds can use any number of combinations ^ 
of ingredients, each having a different cost (subject to daily 
changes), to meet the nutrient and bulk requirements of the feeds 
he markets. These requirements are known, as are the costs; the 
objective is to produce each feed at its lowest cost to meet the de¬ 
mand and, at the same time, to satisfy the nutritional and other 
requirements. Once the simple but extensive equations describing 
these conditions, constraints, and requirements have been written, 
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this problem can be solved directly and simply by means of linear 
programming. The solution will clearly spell out the least-cost 
combinations, as well as the costs of any alternatives to the best an¬ 
swer. In addition, linear programming provides the answer to a 
recurrent problem: What is the value of easing or relaxing a re¬ 
straint? Given that ingredient X is used in limited quantity in the 
feed formula because of its limited availability at a certain price, 
how much would it be worth to pay more for additional X and sub¬ 
stitute it for another ingredient in the formula? Or, given that the 
demand for feed A at price B is limited, how much can it be worth 
to reduce the price in order to increase demand? These questions 
and many others are explicitly answered by linear programs. 

Linear programming is an extremely versatile tool for deter¬ 
mining the best allocation of resources to accomplish an objective. 
It can be used to provide models that can indicate what products 
should be made on which machines in a machine shop; how paper 
rolls can be most economically cut into strips of specified sizes; or 
what is the most efficient order of steps in building a school, office 
building, or housing complex. Linear programming has helped 
the businessman to clearly understand and solve such complex 
problems—alone or in combination—as keeping costs of pro¬ 
duction, shipping, or storage at a minimum and maintaining the 

0 lowest inventory consistent with customer-service requirements. 

MAJOR BUSINESS APPLICATIONS 

^ The kinds of practical models management scientists build for 
increasing business profits correspond to the different steps of 
management activity, which include: 

■ Long-range forecasting 

■ Short-range forecasting 

■ Resource allocation 

■ Activity sequencing 

■ Acquisition of resources 

■ Capital investment budgeting 

Every businessman, whether his business is large or small, must 
take a long-range view of the future. Many of the businessmans 
decisions will, of course, be influenced by the way he assembles and 
analyzes information about the long-range future. To ascertain the 
likely consequences of alternative courses of action, the manage- 

0 
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ment scientist, develops models that assemble and analyze such key 
information as product demand, activity of competitors, price 
changes, and cost patterns. 

A businessman must also develop ways of looking at the near fu 
ture: tomorrow, next week, next month. Again, he has to have 
some way of deciding how much inventory to stock, how many 
people to hire, how much cash to have on hand. Many accounting 
and control methods are used to this end, but management science 
is especially helpful when the situation is uncertain and compli¬ 
cated by many factors; for example, management science helps the 
businessman establish methods for setting inventory levels to meet 
desired customer service when demand is uncertain. 

As we have seen, another problem area for which everyone has 
some kind of system, and in which management science has been 
particularly helpful, is the allocation of resources. Under this 
heading we can include assignment of repair crews to various 
breakdowns to minimize total costs of labor, materials, and down¬ 
time; release of orders to plants or machines; distribution of raw 
materials among processing units; and countless similar functions. 

In addition to assigning resources to requirements, the business¬ 
man must decide on the sequence of activities that he, his ma¬ 
chines, and his personnel will carry out. And he would like to do 
this at the best level of profitability. In other words, he must 
specify who does what and when it is to be done. Routing of trucks, 
control of construction and maintenance projects, assignment of 
salesmen’s routes, scheduling of machine operations—these are a 
few of the many applications of management science methods 
for sequencing activities. 

Another kind of problem that businessmen face is the acquisi¬ 
tion of resources: raw materials, machines, spare parts, or people. 
Often much efficiency can be gained through the use of the new 
techniques in providing cost and benefit information for such pur¬ 
poses as commodity buying, replacing equipment, and determin¬ 
ing relative efficiencies of new plants or various combinations of 
new machines. 

These problem areas are closely related. For example, short- and 
long-range forecasting certainly are involved in resource balanc¬ 
ing, activity sequencing, and resource acquisition; and ultimately, 
in how overall capital investment models can be built and used. 
With this in mind, one can appreciate how the introduction of 
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new and improved techniques in any of these areas can spread 
benefits through an entire company. 

Management science techniques can thus be used to build 
mathematical models to aid decision makers in large and small 
companies alike. As we have seen, the kinds of questions that these 
models will help answer are: 

■ What capital investment projects should be accepted? 

■ How much money should the company tie up in inventory? 

■ To what extent should larger orders be used to take advantage 
of quantity discounts? 

■ How can plant capacity be utilized in combination with fluc¬ 
tuating demand to maintain lowest overall production cost? 

■ How should production be scheduled—by machine or 
process? 

■ How should a construction or maintenance project be 
scheduled? 

■ How does the cost of maintenance and repairs change over the 
life of a piece of equipment and how will its resale value probably 
change? 

■ What are the most economical means of transportation, the 
most economical warehouse and delivery routing patterns? 

The models created to answer such problems specify how costs 
and revenues will be affected by alternative operating decisions 
under a given set of management policies and specific market, and 
other external, conditions. They can also indicate how alternative 
management policies, external conditions, contingency plans, and 
other variable factors would affect the economic performance of 
the company.^Management science analyses can provide insight 
into the relations between operating conditions, business perfor¬ 
mance, and the decision-making processes. In practical terms, they 
often identify the courses that will minimize costs and maximize 
income, y 

HOW TO START USING THE 
MANAGEMENT SCIENCES 



How can a firm, particularly a small firm, begin to realize the 
benefits of management science? In the first place, sound results re¬ 
quire sound data. In making decisions, there is no substitute for 
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comprehensive, accurate documentation. The information house 
must therefore be in order if anything is to be gained from detailed 
analyses. In their initial stages, management science projects 
often pinpoint the fact that insufficient information is available 
before the time comes to draw on these data. In some cases, the miss¬ 
ing information can frequently be retrieved but often at the cost 
of added expense and delays. 

Once a solid information base is assured, how can a company 
acquire an adequate management science capability? The most 
usual approach is to develop an in-house technical staff. A com¬ 
pany can enroll one or more of its own staff, preferably men with 
background in physical science and mathematics, in some of the 
easily accessible university courses and seminars that deal with 
management science techniques. After this formal training 
period, the company can allow the trainees to learn and develop 
skills on the job, assigning them relatively easy projects under the 
guidance of a sympathetic high-level executive. Or a company can 
hire one or more graduates of one of the previously mentioned 
management science programs offered at business schools and en¬ 
gineering colleges. Again, the company might have to give the new 
employee time to learn and develop skills and thorough under¬ 
standing of the business. 

Another approach is to use outside help. Management science 
consultants can be found in almost any part of the world today. 
Before selecting one, however, management should gain some 
basic understanding of management science techniques and at 
tempt to define the key corporate problem areas. Then it should 
appoint at least one knowledgeable executive to help the outsider. 

The proper choice of a consultant is, of course, extremely impor¬ 
tant; checking with the candidate’s former and present clients and 
discussing potential consultants with key management scientists in 
academic institutions will prove helpful. 

Management must realize that it will get more for its money if it 
allows its own personnel or a consultant enough calendar time— 
as opposed to continuous time—to lay the groundwork and let 
operating personnel integrate the new tasks into their regular 
activities. *^1 

Top-management involvement and support is a virtually essen- ( 
tial element in any management science program. The chief 
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executive (or another key management representative) should take 
a continuing interest in the venture and support it fully. Such sup¬ 
port has almost always been a key element in securing a satisfactory 
payout from such costly man-machine systems as computers. This 
support is also equally vital for management science man-method 
systems, and its absence can severely lessen the chances of a pro¬ 
gram’s success. 

Management science techniques, in sum, are practical tools that 
can be used to solve problems faced by most companies, regardless 
of size. They can no longer be viewed in any sense as ‘"blue-sky” 
theorizing. Their wide and successful use puts these questions 
squarely before each executive: “Are the data and information on 
which you base your decisions as good as your competitors’? Are 
they the best that can be developed?” 




CHAPTER 

New Tools 
for Decision Making 



(Th 


.HE effective use of management science, as de¬ 
scribed in general terms in Chapter 1, greatly changes the content 
and structure of the management decision-making process in busi¬ 
ness and government^This can have an almost traumatic effect on 
some executives, giving them the unsettling feeling that decision 
making is being taken out of their experienced hands and turned s 
over to an impersonal machine.^Even more unsettling, even to 
those who understand that scientific decision procedures increase 


rather than reduce the scope of creative intuition, is the sheer 
range of problems to which management science can be applied— 
a range so great that it ultimately takes in virtually all of a com¬ 
pany’s or institution’s activities. 

Experienced executives are indeed justified in believing that in¬ 
creasing use of management science methods will substantially 
change the way decisions are made in their companies. Some deci- 
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sions they used to make will no longer be worth their time. On the 
other hand, careful reflection will make it abundantly clear that 
man-made decisions have not become obsolete. On the contrary, 
there will be more human decisions, even more comprehensive and 
exciting, to be made. As we shall see in the next chapter, these deci¬ 
sions will have greater significance and will require greater effort 
and more creativity than ever before. The creative executive’s 
scope of operation will be expanded, not diminished. Further, the 
ability of the hard-hitting, results-oriented organization to achieve 
its objectives effectively and efficiently will be enormously en¬ 
hanced. And such organizations will be more exciting places to 
work than those that have ignored the potential of the manage¬ 
ment sciences and computer systems. 

Because fear among executives can so easily balk a company’s 
efforts to benefit from management science, it is important to un¬ 
derstand how management sciences and computers actually do 
affect corporate decision making. Scientific, nonintuitive methods 
can gradually change the structure of decisions at the executive 
level, making some routine and eliminating them from succes¬ 
sively higher management levels, and substituting for them en¬ 
tirely new and potentially more creative decisions. Thus, the exec¬ 
utive is freed to devote himself to decisions of more significance 
and scope. 

T Continuous load dispatching in an electric utility provides a 
good historical example. In an electric utility, boilers and genera¬ 
tors are cut in and out and turbines are loaded or shut down as 
actual and projected loads change from hour to hour, or even from 
minute to minute. The profitability of a utility company is directly 
affected by load dispatching decisions. Yet it is not likely that 
management would make these load dispatching decisions today 
because they are being made much better by automated methods. 
It will be instructive to examine how load dispatching has evolved 
from “executive” to “automated” decisions. 

In the era of the small, local electric utility with a few generators 
and power units, changes in load were met (or not met) by impre¬ 
cise adjustments, often after consultation or discussion with 
management. As systems grew larger and more complex, economic 
and engineering analyses of the profitablility of various kinds of 
load control became common, and the load dispatchers began to 
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assume more and more of the prerogative of deciding how to ac¬ 
commodate the changes. Management simply indicated the objec¬ 
tives, resti ictions, and policies that it desired the load dispatchers 
to meet or follow. 

Using tools similar to those of today’s management scientists, 
utility managements soon began to develop means to record and 
analyze the results of past decisions and to better define the eco¬ 
nomics thermal and electrical—of alternative choices in a 
given situation. The development and codification of these meth¬ 
ods suggested that the load dispatcher could be replaced in part by 
a computer. The result was one of the earliest computerized man¬ 
agement applications. 

The next step was for the load dispatcher’s job to become simply 
the supplying of the necessary parameters into a computer that, 
acting on current operating data, either indicates or actually 
makes the best load allocations under the circumstances. Manage¬ 
ment no longer even suggests the parameters. The new, important 
management task is, of course, to decide whether to buy a bigger 
and better automatic load analyzer and to tie more units into ah 
integrated network. Such decisions, based on the ability to analyze 
the pattern of probable demands and evaluate the probable eco¬ 
nomic and technical effects on a very complex system, are of a 
higher order than earlier ones. 

Some of the important management science techniques actually 
stem from work done in utility and communications systems analy¬ 
sis. The phrase “systems analysis,’’ commonly used to describe some 
applications of management science, probably owes its origin to 
this field (rather than to the area of office “systems and proce¬ 
dures”). 

Gradually up until World War II and very rapidly since, quan¬ 
titative methods have been extended to ever larger areas of man¬ 
agement decision making. Empirical knowledge of cost/revenue 
relationships has been increasing; so has theoretical understand¬ 
ing of the economic effects of decisions. Analytical methods, or 
algorithms, have been developed for quantitative evaluation of al¬ 
ternative decisions. Computers programmed for management sci 
ence approaches have begun to be routinely applied to specific 
situations. And, as a result, management has begun to get greater 
profit leverage from better and more timely decisions. 
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Together, these developments are slowly shifting the emphasis 
of top-management decision making from simply deciding upon 
specific operating alternatives to the more complex and more re¬ 
warding approach of selecting the means for applying methods of 
analyzing decisions problems, choosing among alternative analy¬ 
ses, and finally determining ways of implementing the results of 
the analyses. Since the manner in which these analyses result in al¬ 
gorithms, or “rules,” for decision making seems to be the key to 
improved decisions, examples will be helpful. 


ALGORITHMS FOR DECISION 
MAKING 

An algorithm is simply a set of rules for carrying out some numeri¬ 
cal calculation that is intended to yield the same result no matter 
by whom or when applied. Thus, rules for ordinary arithmetic 
e.g., addition, subtraction, division—are algorithms. There can, 
of course, be different algorithms for the same operation: for ex¬ 
ample, performing long division and finding square roots. Com¬ 
puters are generally used to apply algorithms to decision prob¬ 
lems. 

The choice among algorithms that accomplish exactly the same 
numerical operation is a matter of convenience and efficiency, but 
the choice among those management science algorithms aimed at 
providing decision rules for the same management objective can 
be a serious decision that will require an understanding of the un¬ 
derlying problem and of the management science process. 1 

The important factors from the business point of view are: 

■ The application of the underlying operation or process 

■ The existence of an algorithm or set of decision rules for han¬ 
dling the operation 

Consider a simple and familiar example. Addition is an opera¬ 
tion for which an effective set of rules (an algorithm) provides 

1 A simple example might be alternative decision rules (algorithms) for deter¬ 
mining how much inventory to stock. Rule 1 might be: “Replenish each month 
end to the maximum monthly demand of the past 6 months. Rule 2: Replen¬ 
ish to four times the average of the two peak weekly demands whenever stock 
falls to a preset minimum.” The determination of cost difference between these 
two sets of rules in terms of inventory carrying costs, out-of-stock penalties, and 
production and procurement costs, is clearly not a matter of simple intuition. 
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swift and consistent restilts. It is also a very useful and important 
operation for the businessman. The addition algorithm is so much 
a part of our thinking that we are hardly aware of its effect on deci¬ 
sion making, but it provides a good example through which to 
consider the possibility of improving management decisions. 

We all know that addition and subtraction form an integral 
part of an accounting system. Business decisions would be difficult 
indeed without some means of measuring resources and liabilities, 
which is fundamentally what accounting systems do. Thus, addi¬ 
tion (or subtraction, its logical equivalent) enables a businessman 
to determine, for example, whether a spending decision is feasible 
and how much of a drain upon his resources it will be. He cannot 
find conceptual answers to this general kind of problem without 
the idea of addition or subtraction, and he cannot find the actual 
or concrete answers without rules—algorithms. The addition 
process applied in the accounting system thus furnishes both sig¬ 
nificant concepts and key information about the state of one’s 
affairs and provides a basis for decision. It illustrates the impor¬ 
tance of the development of the ideas about decision rules and the 
basic processes underlying quantification in decision making. 

Imagine, if you can, doing business without using addition and 
subtraction. 2 Every time a businessman wanted to make a pur 
chase, he would have to devise somehow a way of determining 
whether the price would or would not exceed his resources! Such a 
situation is virtually impossible to conceive because the modern 
business world is so dependent on the use of reasonably common 
accounting concepts and algorithms for handling double-entry 
bookkeeping. The algorithms used in accounting go considerably 
beyond addition and subtraction and are worth pursuing one step 
further to gain additional insight into the process of combining 
experience and algorithms (decision rules) into models that de¬ 
scribe some aspect of the physical world. 

Accounting ideas have evolved more or less continuously for 
5,000 years. Almost five hundred years ago, Pacioli, the father of 
modern accounting, wrote the definitive treatise on double-entry 
bookkeeping and how it provides a detailed representation of the 
business situation. His stated purpose was “to give the trader with¬ 
out delay information on his assets and liabilities.’’ Double-entry 

2 It has been done in some cultures! 
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bookkeeping was then a profound concept for decision makers and 
thus a great social invention. Prior to that point in time, each deci¬ 
sion for a commitment, division of profits, or other significant 
problem required the businessman to laboriously figure out where 
he stood. Double-entry bookkeeping is, of course, still with us in 
much the same form, and the concept remains basic to business ac¬ 
counting almost everywhere. 

Herein lies the key point: the importance of really significant 
new concepts is not so much that they may be applied effectively in 
several situations but that they can, like double-entry bookkeep¬ 
ing, be used by all businesses. Management science plays a unique 
and critical role, representing generally applicable abstractions of 
real-life structural interrelationships and economic concepts. 
These ideas can thus serve as versatile, easily handled tools whose 
use can become nearly automatic. 


KEY FACTORS IN THE DECISION 
PROCESS 

Representations of key business processes, implemented by algo¬ 
rithms and applied to specific operations activities or parts of a 
business—models—are the fundamental building blocks of 
management sciences and computer systems. To use a model to 
help make decisions, it is of course essential to quantify the ele¬ 
ments of the decision process included in the model: what we hope 
to achieve is essentially a statement of the profit and loss conse¬ 
quences of alternative courses of actions. A look at the total deci¬ 
sion process shows what management has to do to quantify its ele¬ 
ments. 

Key factors underlying business decisions are: 
m Resources at hand 
a Possible alternatives 
a Commitments required for alternatives 

a Results (costs incurred, revenues or benefits received) to be 
achieved from alternatives 

m Interactions between alternatives chosen and prior and later 
choices 

Pacioli’s algorithm for double-entry bookkeeping was a major 
step in quantifying the first element—resources at hand. Over 
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the intervening 500 years, businessmen, assisted by economists and 
other specialists, have labored to give expression to concepts and 
algorithms that would attach consistent and reliable numbers tQ 
the other elements^jFh^y have succeeded in limited areas of spe¬ 
cific business operations, as the example of electric power load dis¬ 
patching illustratysfjBut until recently, very few new universals 
have been developed. Break-even analysis, cost accounting, and 
quality control are among the few examples of the type of con cep 
tual and quantifiable tools that lend themselves to more or les$ 
universal use. 

Hie inherent difficulties involved in quantifying alternatives, 
the results to be achieved from choices, and the interaction of past 
and future choices can hardly be exaggerated. Assuming that the 
resources and the commitments required for a set of available al¬ 
ternatives could be clearly described, the real problem for the 
business decision maker still remains. He needs to be able to ana¬ 
lyze consistently and quantitatively the net effects of applying his 
resources. 

This does not mean that the description will be either deter¬ 
ministic or final. Ultimately it will (and must) be dynamic and 
have characteristics of uncertainty. As Matthew Arnold put it, 
“They who await no gift from chance have conquered fate.” 
Changes in the environment and changes in the uncertainty with 
which the future is viewed will determine the parameters or guid¬ 
ing variables that must be fed into analytical procedures for 
modern decision making through computer-based management 
science models. Thus, the feedback relationship between the or¬ 
ganization and its environment will always be an integral part of 
these problem-solving approaches. 

Finally, complete dependence on analytical methods is a dan¬ 
gerous course. The successful executive’s job is to provide a synthe¬ 
sis using the most accurate, complete, and precise results of analysis 
possible but also including still unquantifiable elements (and 
there always will be some!). 

Before proceeding to what can be quantified in the decision pro¬ 
cess, the kinds of resources, commitments, and results that are diffi¬ 
cult to measure in consistent numerical terms should be examined. 
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FACTORS THAT ARE DIFFICULT 
TO QUANTIFY 

The effective decision maker cannot neglect the difficult but criti¬ 
cally important measurement of such resources as: 

■ Executive talent 

■ Research and development 

■ Advertising 

■ Management information systems 

■ Inertia of the company relative to the economy 

Meaningful estimates of the potential results of critical decisions 

require some evaluation of those elements. Attempts to describe 
these kinds of variables quantitatively have yet to prove com¬ 
pletely rewarding. In these areas the executive is caught up in a 
web of personal, psychological actions and reactions that limit his 
ability to establish meaningful hypotheses. Plans are usually 
judged by results. Thus, little or nothing can be known about the 
future value of the plans themselves. In planning for management 
succession, for example, a company may hire many management 
trainees and rely on statistical odds to produce a highly competent 
president some years later—or it may wish to take its chances on 
developing one through hiring three new vice-presidents. The dif¬ 
ference to the company of either plan may be very great, but it can¬ 
not yet be predicted quantitatively through a meaningful model 
—since either plan will produce a president. 

In any case, the development of algorithms for decision making 
cannot be effectively carried into areas where satisfactory measure¬ 
ments do not apply. Business is a part of life, and as Justice Hughes 
wrote: “Life is a painting, not a sum.” However, the fact that ulti¬ 
mate decisions are human, not mechanical, should not preclude 
management’s exploration of those areas of business where inputs, 
relationships, and consequences can be analyzed and measured 
and thus understood. 

FACTORS THAT CAN BE 
QUANTIFIED 

Managers often feel that alternatives in some of the areas in 
which they can make decisions are so few that they have little or no 
choice when decision problems arise. In other words, their deci- 
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sions are already dictated by the restraints placed upon them in¬ 
ternally and externally. When this is true, the restrictions can usu¬ 
ally be described quantitatively and often precisely. When quan¬ 
titative restrictions dictate alternative courses of action, decision 
making becomes an automatic process and there is no need for 
managerial intervention. Very often, proven models with well- 
developed algorithms exist for such restricted problems; an exam¬ 
ple is inventory reorder policy in simple demand situations. 

However, in most cases, even where executives feel that few im¬ 
provements can be made in the decision process, a detailed analysis 
of the problem area in which the decision is to be made reveals k 
surprising number of alternative choices. 

When the problem is complex, and the outcome of one’s choices 
is uncertain, many managers feel that the best one can do is a 
common-sense guess. Yet, as we saw in Chapter 1, these are pre¬ 
cisely the circumstances where management science techniques are 
most valuable. When basic inputs are readily measurable, models 
using some tested algorithms can take both characteristics into ac¬ 
count. A manager's belief that he can rely on sheer intuition may 
therefore needlessly keep him from achieving the best possible eco¬ 
nomic performance for his business. 

The effects of uncertainty can frequently be reduced signifi¬ 
cantly and occasionally the amount of uncertainty as well. A sim¬ 
ple example is a company that was considering entrance into a new 
market. Instead of making a difficult and uncertain forecast of the 
market share it was likely to win, management set out to determine 
what share of market would be needed to earn a satisfactory return 
on the investment. Analysis showed that the answer was close to 40 
percent—a far larger share of market than the company was at all 
likely to attain for the money it was prepared to allot to the ven¬ 
ture. The idea was therefore abandoned. 

Where the problem of uncertainty cannot be significantly re¬ 
duced, it can usually be attacked through a careful analysis of the 
“true" uncertainty surrounding the outcomes of individual 
courses of action. 3 This kind of analysis is illustrated in the devel¬ 
opment of information to help decide on an investment in new 

3 This is equivalent to estimating the odds that a specific event or class of 
events will occur: e.g., figuring that there is a l-out-of-5 chance that the dollar 
will be devalued, or that there is a 2-out-of-3 chance that a given project will do 
better than break even. 
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facilities. To develop this data, a broad range and mix of many 
variable factors must be analyzed. This work can be done by man¬ 
agement of the divisions involved; e.g., marketing, engineering, 
and production. The problem, however, is that while the studies 
will indicate various factors of uncertainty, they will not show how 
these factors can be combined to permit realistic evaluation of the 
several probable end results of the investment. The estimates of the 
many variables that significantly influence the outcome of an in¬ 
vestment will, at best, fall within some range of error, even if the 
estimates are not biased in one direction or the other. Statistically 
speaking, a good estimate of any one of these variables is what 
might be called “a 50 percent estimate/’ that is, an estimate in 
which the chances are 50-50 that the actual result will fall above or 
below the estimated quantity. For example, if the cost of introduc¬ 
ing a new product line is estimated at $2.3 million, there would be 
1 chance in 2 that the actual cost would be greater than $2.3 mil¬ 
lion and 1 chance in 2 that it would be less. The cost would only 
coincidentally turn out to be exactly $2.3 million. 

Such a 50 percent estimate is perhaps the “best” single estimate 
that can be made under the circumstances, 4 although from a man¬ 
agement point of view, it may be an undesirable estimate on which 
to base a decision. Whether or not this estimate is useful for man¬ 
agement decision making depends on three things: (1) the range of 
possible error in the estimates; (2) the odds of being above or below 
the estimate by specified amounts; and (3) the gain or penalty at¬ 
tached to being above or below the estimate by a given amount. 
For example, suppose that a company estimates annual sales of a 
new plant at $100 million. If the annual sales estimate is needed 
for making a management decision, the 50 percent estimate will be 
a suitable basis for the decision only if the following conditions are 
approximated: (1) the chances of deviating from the estimates by 
specified amounts are approximately the same in either direction 
(for example, the odds of achieving at least $90 million in sales are 
the same as the odds of achieving $110 million); and (2) the pen¬ 
alty for achieving sales of $90 million is the same as the gain for 

4 Note that it is not necessarily the most likely result; thus, if the possible 
costs ranged from $1 million to $3.6 million and each of the values between 
these ranges was equally likely to occur, the 50 percent estimate would still be 
$2.3 million, but there would be no single most likely value. 
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$110 million (for example, profit is reduced by $1 million if the 
lower figure is achieved and is increased by $1 million if the higher 
figure is achieved). 

However, to continue with this example, the 50 percent estimate 
will not provide a satisfactory basis for a management decision 
under other conditions. Suppose that (1) the chances of achieving 
at least $90 million in sales are 6 out of 10, and the chance of 
achieving at least $110 million is only 1 out of 10; (2) if sales of $90 
million are achieved a break-even point is reached; and (3) if $110 
million is achieved, $1.5 million in profits is gained over the $10 
million profits estimated for sales of $100 million. That is (assum¬ 
ing a $10 million profit at the $100 million level): 


Sales Estimate 

Profit 

Odds 

Chance of achieving 
or bettering esti¬ 
mate 


$90 million $100 million 

0 $ 10 million 

6/10 5/10 


60% 


50 < 


$110.0 million 
$ 11.5 million 
1/10 


10 % 


Under these circumstances, a management decision based on the 
50 percent estimate could be very risky. There is a 40 percent 
chance of not selling more than $90 million; the chances of achiev¬ 
ing $110 million in sales are small; and even if a $110 million sales 
level were reached, the added profits would be only $1.5 million. 
For each of the major variables entering into an investment deci¬ 
sion—production cost, sales price, etc.—such uncertainties usu 
ally exist. 

In such situations, rules can be developed and computer pro¬ 
grams applied to aid management in consistently and quantita¬ 
tively analyzing the likely outcomes of various courses of action/ 
Examples are given in later chapters. This method simulates the 
possible courses of future events in a computer and analyzes the 
results. The simulation method of analyzing potential decisions, 
which can take both uncertainty and complexity into account, is 
becoming widely known and used. In this case, a “model” of the 
capital investment decision process is developed to help manage¬ 
ment to choose the best alternative under the particular conditions 
of uncertainty. 

Where there are known interactions among the variables and 
where there are significant restrictions on the resources available to 
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management, the best ways to use the resources to attain specific 
objectives can be found by other important concepts and models 
—of which linear programming, 5 briefly characterized in the 
opening chapter, is a most important and widely used example. 

In one sense, linear programming can be considered an exten¬ 
sion and extraordinary development of double-entry bookkeeping, 
because linear programming keeps track in a completely balanced 
manner of all quantified inputs and outputs of the production or 
economic system under consideration. However, linear program¬ 
ming is far more than this. In another sense, it may be described as 
a way of analyzing the use (not merely the existence) of resources to 
find the combinations that would produce results to fit specific 
management objectives, such as profit maximization or cost mini¬ 
mization (for example, the lowest cost raw materials mix to pro¬ 
duce a given product in a chemical plant). 

A linear programming description of a management problem 
makes it possible to explore the profit and loss consequences of a 
large number of alternative interacting decisions. Given the basic 
assumptions of an allocation-of-resources problem, it is possible to 
show by linear programming what the best allocation would be 
and then to demonstrate, by conventional profit and loss account¬ 
ing, that there is no better allocation. 

Consider the example of an oil company that purchases crude 
oil from a number of sources, processes this oil at a number of re¬ 
fineries, and delivers the product from the refineries to a number of 
locations geographically dispersed. Such a company faces a con¬ 
tinuing set of decision problems. The oil it can purchase is of vary¬ 
ing composition and price. The refineries that can process the oil 
have various kinds of equipment in various states of repair. Hence, 
they can produce different end products from the different crudes 
with varying degrees of efficiency. The refineries can also deliver to 
a number of points, each of which has its own particular combina¬ 
tion of product requirements. 

The use of a linear programming model, an algorithm to solve 
the numerous equations involved, and a computer to do the nec¬ 
essary arithmetic provides management with a tool very similar to 
that discussed earlier in connection with the load analyzer for elec- 

5 Linear programming techniques are discussed in greater detail in Chap. 7, 
pp. 117-123. 
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trie power plants. With the changing input of prices, demands, 
and efficiencies, it is possible to calculate the following important 
variables on an instantaneous or on a projected basis: (1) the mar¬ 
ginal value of a particular type of crude; (2) the marginal value of 
any specific kind of equipment in the refineries; and (3) the 
marginal cost of any product at any specific location. As indicated 
earlier, refinery managements today use the model, various al¬ 
gorithms, and computers to make such calculations and to control 
refinery operations accordingly. 

Until the linear programming model and the algorithm to solve 
it were available, such calculations were literally impossible. 
Linear programming and similar models base their strength on 
the fundamental concept of efficient allocations of resources to 
meet management objectives and to satisfy other constraints and 
requirements imposed on the system. The power and utility of 
these computer-based analyses are essentially the same as the power 
and utility of ordinary arithmetic. Without these tools decision 
making is awkward and perhaps inefficient. With them, manage¬ 
ment can weigh key decisions in a rigorous and scientific manner. 

' y 

MANAGEMENT’S CONTINUING 
ROLE IN DECISIONS 

In the oil company example just cited, the fact that the relative 
value of a specific crude or the relative cost of a specific product can 
be determined at any given time certainly would be influential in 
the making of specific decisions. There is a competitive advantage 
in knowing these facts because they show certain decisions to be 
inevitable. The company that knows these facts and can recognize 
the decisions that are inevitable will move ahead. In the ordinary 
economic sense, this will force others to follow. Therefore, man¬ 
agement can look forward to an inevitably continuing and grow 
ing use of profit-making tools such as this. 

But the question remains whether management decision mak 
ing has in fact been automated when such tools are used. The an¬ 
swer to this is “no”; rather, the environment in which decisions are 
made has changed. Decision making moves to a new and perhaps 
more difficult level. Management, then, has increased its theoreti¬ 
cal understanding of the economics of decision making and has 
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available for continuing use some models and algorithms that ap¬ 
ply these understandings to specific problems. Management now 
faces the job of making choices among models and improving the 
use of these models, much as it improved the use of addition and 
double-entry bookkeeping. 

Will management decision making be entirely automated in the 
future? The answer is simply that a decision which can be truly 
automated is no longer really a management function. Manage¬ 
ment will continue to “make decisions” no matter what algorithms 
are supplied by the management scientist. In all effective leader¬ 
ship there will be decision making; this will be apparent both to 
the decision maker and to those who are affected by the decision. 
Management will retain the power of choice, of having and using 
preferences (for specific models, for example), and of resolving to 
apply specific results of model analyses in given situations. In a 
sense, its power will be even greater, for its understanding will be 
deeper and its grasp of situations more comprehensive. 

On the other hand, with management inevitably utilizing these 
new decision-making concepts, models, and calculating mecha¬ 
nisms, the environment in which management analyzes and 
chooses is changed; the language that management speaks is 
changed; and even familiar events, seen in new perspective, seem 
different. A refinery manager using a linear programming model 
to schedule his runs looks at his refinery in an entirely different 
manner than do managers who are not familiar with this tech¬ 
nique. In fact, it is no longer possible for him to “go back” to the 
old ways of making production run decisions. Perhaps the most 
significant change is not the results from the computer runs of the 
linear program but this new way of looking at the production 
process. The competitive power of increased understanding and 
increased ability to measure, quantify, and analyze effectively is so 
great that all managers will sooner or later be caught up by it, just 
as the entire business world was caught up by double-entry book¬ 
keeping. 

The major impact of management science, in summary, has 
been to force management to face new kinds of decisions on a new 
level of decision making with new forms of information. One of the 
new required decisions is the establishment of rules for logical 
analysis. For example, a modern inventory system model requires 
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as old systems did not—that management set specific policies 
that define the operating parameters of the system. 

Management science techniques coupled with effective com¬ 
puter systems provide today's managers with timely, accurate, and 
relevant information that permits them to cut through the com¬ 
plexities and uncertainties of business situations and thereby to se¬ 
lect strategies and tactical courses of action and to exercise control 
with greater confidence in the outcome than ever before. Competi- 
tive advantages such as wider profit margins, lower costs, faster ser¬ 
vice or pioduction, higher quality, and larger returns on invest¬ 
ment are the payofls from these improved information systems that 
rely on the combined power of a scientific approach and the capa¬ 
bilities of modern computing machinery. 







If modern information systems help make good 
managers better, then bad information is a major obstacle to effec¬ 
tive management of any kind. Too often, information available 
to management is plentiful without being relevant, extensive 
without being adequate, and detailed without being precise VJ Its 
seeming comprehensiveness is illusory and, although it flows in 
without respite, it is not timely. In short, it is less a help than a 
hindrance to effective decision making and control. 

These problems can be overcome or greatly alleviated through 
the new management science developments discussed in the first 
^two chapters. In the past, management has had to rely on data that 
often did not adequately portray the risks, opportunities, and po¬ 
tential consequences of alternative decisions and actions. Today, 
however, as we have seen, it should* be possible to design manage¬ 
ment information systems that will not only provide management 
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with improved forecasts and projections but will also point the 
way toward courses of action that will achieve optimum results. 

Because such management information systems 1 2 now represent 
the most effective means of applying management science meth¬ 
ods, executives of small as well as large companies should under¬ 
stand how to use them. Opportunities for their application exist in 
firms of all sizes; the principles are the same, and various kinds of 
computing facilities exist in scaled-down versions for all types of 
applications. 

The major new developments in information systems have al¬ 
ready altered much of management’s behavior, if only indirectly. 
The extent and consequences of these changes may be far greater 
than is generally realized. Information that has been made avail¬ 
able as a result of these new ways of dealing with past events and 
current decisions has perceptibly changed the actions and thought 
patterns of many executives. 

For example, the "economic pause” of 1962 (or "quasi-reces¬ 
sion,” as it came to be called) probably approached the severity of a 
real depression more closely than any previous slump in United 
States business history. In the words of the New York Times (May 
20, 1963): 2 “Things that usually happen before a recession hap¬ 
pened last year. Profits slipped . . . the rate of inventory accumu¬ 
lation fell off . . . new orders for durable goods slipped . . . the 
stock market plunged . . . the factory workweek started shrink¬ 
ing .. . wholesale prices weakened ... the rate of unemploy¬ 
ment rose . . . industrial production flattened. . . . All that was 
missing was the big drop. ... It was a near miss.” The missing 
drop may be explained differently by economists, but all agree that 
business executives were receiving a greater amount of timely, de- 

1 “System” in this sense, readers should note, means the network of analyti¬ 
cal methods and their supporting data bases that management uses in order to 
keep informed about past, ongoing, and potential operations. It obviously dif¬ 
fers from the common meaning of “system” as used by computer manufac¬ 
turers, who understand a computer system or an information-handling system 
to be the hardware (and internal operating software) of a particular data- 
processing installation. “System” is used most often in this book in the 
former sense, though occasional uses of it in the sense of a particular installa¬ 
tion are employed without special explanation w'hen the sense will be clear 
from the context. It is also used in its common sense, as in referring to a com¬ 
pany’s distribution system. 

2 © ( 1963 by The New r York Times Company. Reprinted by permission. 
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tailed, and accurate information than ever before in the economic 
history of any society. It may be difficult to determine the exact, 
influence of this information, but it contributed significantly td 
the reversal of the downward trend in that year. It has since been 
instrumental in maintaining near equilibrium in the economy. 3 
Undoubtedly, most businessmen were vaguely aware that they 
were acting differently than in the past, but few if any realized how 
profoundly new management science and computer techniques 
were influencing their behavior—and, as a result, the entire 
economy. 

A main factor in the changes that have taken place is the steadily 
decreasing unit cost of maintaining, manipulating, and handling 
information relating to the detailed transactions of a business or 
government enterprise. In the past decade it has been possible, 
by investing large amounts of capital, to replace labor in manage¬ 
ment information systems. Data-processing jobs that were previ¬ 
ously far too costly are now economically feasible because of ad¬ 
vances in devices for acquiring, manipulating, and commu¬ 
nicating information. Information can now be maintained and 
processed by methods similar to straight-line production. Human 
error can be reduced; timeliness can be increased; completeness 
can be assured; and the data can be presented in a form tailored to 
the management problems at hand. Advances in communications 
systems have also made it feasible to use on-line and real-time 
information processing to control production and marketing 
activities in far-flung enterprises. 

In particular, three new kinds of management information sys¬ 
tems are significantly altering executive behavior and, to some ex¬ 
tent, affecting the economic environment. 

1. “Command and control” systems 4 employ highly integrated, 
fast, direct information processing and dissemination. They in¬ 
clude both broadly based information structures (such as those 
used to control a nationwide consumer goods distribution net¬ 
work) and real-time systems used to control operations (such as a 


3 And even affecting the key economic decisions of ponderous and politically 
oriented governmental activities. 

/ 4 a phrase borrowed from military usage to cover a wide range of rapid and 

/ extensive systems for acquiring, storing, transmitting, and displaying tactical 
/ and operating data. 
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refinery control computer complex or the load dispatching system 
described earlier). 

2. Simulation systems reproduce real-life situations in the com¬ 
puter, permitting the analysis and display of complex time and 
uncertainty interrelationships for planning and decision making. 
(They aid, for example, the analysis of capital investment alterna¬ 
tives.) 

3. Optimization systems usually employ formal mathematical 
models for evaluating alternative policies and procedures (for ex¬ 
ample, linear programming applied to refinery resource alloca¬ 
tions). Such systems can provide the bases for setting policies as 
well as for making operating decisions. 

These new tools, used singly and in combination, and the result¬ 
ing new departures in management information systems have ma¬ 
terially changed the work done by management. Historically, a 
manager either determined strategy and made tactical decisions or 
directly controlled people or machines. Now, as information- 
handling devices take over an increasing number of routine func¬ 
tions, the many former everyday line management problems tend 
to disappear. At the same time, the number of decision arid 
strategy problems increases as the span of choice among alternative 
ways of exercising control expands. As a result, there may be a future 
decrease in the number of line managers and a corresponding 
increase in staff personnel. 

An observation made by the late President Kennedy in his 1961 
budget message reflected the new capability for meeting the chal¬ 
lenge of organized complexity that all executives now face. 
Though he spoke of military management, his thoughts applied 
equally to business. President Kennedy said that new emphasis 
must be placed on “improved command and control—more flexi¬ 
ble, more selective, more deliberate, better produced. . . . These 
recommendations are only the beginning of a major but absolutely 
vital effort to achieve a truly unified, nationwide, indestructible 
system to assure high-level command, communications, and con¬ 
trol. . . Applied to industry, this statement indicates a growing 
need for executives to rely on new methods of obtaining, inter¬ 
preting, and communicating the data on which strategic and op¬ 
erating plans and decisions are based. In the process, a new kind of 
manager is emerging. Increased reliance on information that has 
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been generated in accordance with prior scientific analysis and sys¬ 
tems design—information computer-produced and processed by 
formal simulation or optimization models—is bringing those 
who creatively use the new quantitative methods closer and closer 
to the heart of the business decision-making process and to top- 
level responsibilities. 

Some new departures exert so revolutionary an influence on 
their environments that it may be impossible for an organization 
to survive without using them. One development that perhaps 
typifies the new powers provided for management by management 
sciences and computer systems is the so-called “real-time” informa¬ 
tion processing; “real-time” means “in-time-to-take-effective- 
action” (e.g., the military command and control system). 


REAL TIME SYSTEMS 

Time is always a basic factor in decision systems because there is 
necessarily a time lapse between information inputs and action 
outputs. This lapse can vary from a fraction of a second to days, 
weeks, months, or even years, depending upon the system under 
consideration. Importantly, however, management can always 
control the duration of the time lapse beyond some irreducible 
minimum by the design of a specific information system a real¬ 
time” system. The U.S. Department of Defense defines a real-time 
system as a “system whose inputs can influence outputs within a 
time when the change is still significant.” 5 For example, a man¬ 
agement decision system operates in real time if the time that 
elapses between input of data concerning an event (e.g., transac¬ 
tion) and output of corrective action or information does not ex¬ 
ceed the time span specified for the requirements of the particular 
system. Thus, although the load dispatching system for electric 
utilities has a different minimum time between input and output 
than does an inventory control system for a steel mill, both, if 
properly designed, might be said to operate in “real time.” 

Real-time computer system developments and their future po¬ 
tential have received an extraordinary amount of publicity, fre¬ 
quently fanciful. As a result, such systems are often thought of as 

5 Not instantaneously, as one might infer from some of the futuristic litera¬ 
ture about management information systems. 
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complex networks, replete with costly, exotic devices that can in¬ 
stantly do anything for anybody. Actually, the systems are much 
simpler and also much less expensive than is often supposed. Real¬ 
time systems need only match in speed and complexity the external 
events to which they must respond. In fact, the systems could as 
w r ell be called “useful-time” as “real-time.” 

Speed and complexity requirements of real-time systems are 
greatest when the tasks they must perform require split-second ac¬ 
curacy and response. Extreme examples include such tasks as 
monitoring the launching of space vehicles into precise orbits or 
controlling a cyclotron. In those situations, keeping pace can mean 
responding to external signals in millionths of a second. Less criti¬ 
cal, but still demanding, real-time operations include airline 
reservation systems and systems for reporting stock exchange prices 
as fast as transactions occur. In the latter case, trades are based on 
price data provided by the preceding trades. Therefore, traders, 
whose objective is to profit through continuous buying and selling, 
want to obtain this information with minimum delay. Their re¬ 
quirements have provided significant incentives for the develop¬ 
ment of advanced and sophisticated information-handling and 
display systems. Ticker tape networks, display consoles, even race¬ 
track tote boards, are examples of the use of real-time (or as close to 
real-time as human intervention will permit) information for deci¬ 
sion making. Improvements are constantly being made in such 
systems. 

Few 7 business decisions, however, require the almost instantane¬ 
ous event-by-event reporting and response needed for spacecraft 
launches, financial speculation, or betting on the ponies. For in¬ 
stance, mutual fund managers have little need for event-by-event 
reporting, even though they operate on the same exchanges as do 
the speculators. If these investors are to make meaningful deci¬ 
sions, they must have data from individual transactions that are 
grouped and smoothed. This does not mean that the responses 
they get are “slow” but rather that, to be meaningful for their pur¬ 
poses, the significant data require longer time spans for both input 
and output. This difference in the use of the same information 
suggests that the input-output cycle of real-time information sys¬ 
tems must be related to the objectives of the decision maker and 
determined in the context of specific decision-making needs. Thus, 
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the decision maker's objectives in each instance are key factors in 
the design of effective information systems. 

One reason why the use of fast-response information systems— 
even where they would be meaningful and useful—-has been lim¬ 
ited in the past, despite general business awareness of their exis¬ 
tence and their benefits, is that they were thought to be too costly. 
As a matter of fact, the significant new departures in management 
information systems based on real time lie not so much in the im¬ 
provement of actual data but in the design of systems that will use 
such data more effectively. 

The importance of the time factor in an information system can 
range from almost negligible to crucial. The higher the de¬ 
pendence of the system on the time factor, the greater the need for 
developing fast-response systems. In the cases of high dependence, 
the event-data-time-action chain must be closely followed by the 
information-processing devices, and the time characteristics of 
transactions must be noted as they occur. In the past, effective real¬ 
time business information systems have been mostly restricted to 
such areas as sales order processing, finished goods inventory, and 
accounts receivable. However, real-time applications are now 
being expanded through the development of decision-making sys¬ 
tems that require fast, tightly knit data-handling methods. Good 
data utilization can thus be tied to the basic requirements of the 
decision maker. For example, recent computer and communica¬ 
tion design innovations permit events to be aggregated as they are 
recorded. Statistical algorithms can then provide continuous fore¬ 
casting of future sets of events based on immediate past experience. 
These result-oriented forecasts are used to keep decision makers in¬ 
formed of current changes in the environment and of the implica¬ 
tions of those changes to the business. The proper recognition and 
manipulation of time as a key variable in new management infor¬ 
mation systems is a major departure that can significantly increase 
management’s ability to make effective decisions. 

The control of highly seasonal style-goods retail inventories is a 
familiar example of the extent to which effective decision making 
is dependent on control of the time characteristics of input data. 
Seasonal factors and historical style life cycles characteristic of the 
specific communities, stores, departments, and price lines are all 
taken into account, and current information regarding sales of in- 
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dividual items is used to forecast future buying opportunities or 
markdown problems. A departmental inventory comprises a set of 
styles distributed by units that can differ in color, size, and quan¬ 
tity. Effective decisions regarding the number of styles to carry, the 
initial order quantity of new styles, reorder timing and quantity, 
and the amount of markdowns, all depend on events (sale of spe¬ 
cific style, color, size) that occur during the seasonal cycle. 6 

In a style merchandising decision model, data such as historical 
peiformance and current economic indicators are subjected to a 
series of analyses performed through algorithms. Current informa¬ 
tion is thus assimilated and prepared to inform the decision maker 
of the likely consequences of new decisions. The rate of customer 
acceptance of a style is the key decision parameter. Knowledge of 
the timing of this rate and of how it can be used to make effective 
decisions has been shown to provide competitive advantages and 
significantly improved operating results. The style merchandising 
model allows the decision maker to decide more promptly and ef¬ 
fectively at any time—whether to do nothing about a style, 
teorder it, or mark it down. By permitting decisions on an average 
of one day earlier per style than did previous information systems, 
the new systems have been shown to increase a price line’s profit¬ 
ability by 30 to 100 percent. That was when decisions resulting 
from both systems were the same. Considering that better decisions 
result from better forecasts, even better results are possible with the 
new system. 

Similar decision systems based on real-time requirements, and 
the information necessary to back them up, are within the grasp of 
all executives today. 

SIMULATION SYSTEMS ' 

In contrast to step-by-step, real-time decision processes are deci¬ 
sions affecting events that will take place for in the future. For ex¬ 
ample, compare a retail store's decision to purchase a style item 
that will sell within a few days or not at all with an investment 
decision whose payouts will not come for many years. Although 
the time dependency of such decisions is clear, the relationship of 

6 See P. G. Carlson, “Managing Style Goods Inventories,” Stores Magazine, 
June, 1961. 
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that dependency to information at hand is highly uncertain. Also, 
for longer-range processes the number of variables and parameters 
grows. In the future, each variable will take on some of a wide pos¬ 
sible range of specific values that the decision maker cannot now 
know. The variables are interrelated and interlocked. Once deci¬ 
sions are made and resources are committed, many connected 
events will combine to determine the actual outcome. Hopefully, 
these events will be reasonably close to what was expected when 
the critical actions were taken. 

New departures in management information systems introduce 
approaches that attempt to maximize management’s understand¬ 
ing and ability to deal with uncertainty about the future. By using 
management science techniques and the power of the computer to 
take into account all available relevant information, these ap¬ 
proaches describe the outcome of different courses of action in 
terms of a range of possible returns and measure the chances of the 
occurrence of each return in this range. The weighing of each of 
the possible returns with the chances for its occurrence helps man¬ 
agement estimate which are the probable outcomes. Since there 
will be a set of undesirable outcomes in any range, the probable 
occurrence of undesirable outcomes is also estimated. Thus, by in¬ 
forming management of the likelihood and possible extent of 
future dangers, the new management information systems can now 
answer key questions for long-range corporate planning. 

In investment decisions, resources are committed to achieve 
anticipated results. The actual future outcomes depend on many 
factors that will mature in a future competitive environment 
whose characteristics can only be estimated. Each of the many 
factors that should be considered in evaluating a specific commit¬ 
ment is subject to uncertainty. To determine the future environ¬ 
ment in which an investment can come to fruition, an executive 
needs a picture of the effects of the uncertainty surrounding each 
significant factor. As indicated in the previous chapter, simulation 
systems will help provide such a picture. 

~ Simulation of the way factors may combine in the future is a key 
to extracting the maximum amount of information from available 
forecasts and estimates. Simulation is like the process the executive 
must go through in his own mind when he finally makes a deci¬ 
sion: weighing the pros and cons, summing up the chances that 
one set of events will occur rather than another, and, finally, arriv- 
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mg at a conclusion as to whether a given alternative is desirable. 
Simulation merely makes this process explicit and imposes a disci¬ 
pline on the planning and information procedure that increases 
the value, many times over, of what is already known and devel¬ 
oped within a firm. 

The development of such a simulation model for overall cor¬ 
porate operations, for example, requires estimates of such factors 
as market size, market share, selling prices, market growth rate, in¬ 
vestments, and operating costs. An information system of this kind 
for management would require the following steps: 

1. Estimating the range of uncertainty attached to each factor 
and the frequencies of the possible values the factor may attain 

2. Deciding how the factors may be combined to provide a mea¬ 
sure of return on a particular alternative 

3. Selecting a set of values for each of these factors, chosen at 
random from the frequency distributions of the possible values 

4. Computing the rate of return from that particular combina¬ 
tion of factor values 

5. Repeating the process of selection and computation often 
enough to define and evaluate rigorously the odds on the occur¬ 
rence of each outcome 

The new departure in this process is that a listing of all possible 
rates of return, ranging from a loss (if current factors combine un¬ 
favorably) to maximum possible gains, is now available to man¬ 
agement. The likelihood of occurrence is determined for each of 
these values. 

Although the development of simulation models is a straight¬ 
forward matter, it has many subtle and important implications. 
The sensitivity, for example, of the final result to one or more up- 
certain factors is directly determinable, and this is significant. The 
most important input factors for resource allocation and invest¬ 
ment decisions are undoubtedly uncertain. Yet previously avail¬ 
able means of handling this kind of information have tended to 
mask the effects of this uncertainty. In other words, this kind of 
model is meaningful because it enables management to obtain and 
use all available data in a logical and powerful way, to use this 
knowledge to analyze the uncertainty of factors affecting final re¬ 
sults, and to determine the risk and expected return of alternative 
decisions. 
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^ “OPTIMIZATION” SYSTEMS 

| The establishment of policies under which an enterprise operates 
is a primary function of management. Therefore, to provide guide¬ 
lines for the formulation of decision rules for more effective opera¬ 
tions, enlightened executives are constantly reviewing the impact 
of policies on operating results. Information systems based on 
management science models now give the executive a firm founda¬ 
tion for preparing and evaluating alternative policies and strate¬ 
gies! How do these models operate? 

Deciding on policies requires the selection of objectives and 
programs and also of rules and guidelines for modification or con¬ 
trol of environmental and input factors and variables. In general, 
management tries to select policies that will optimize some combi¬ 
nation of its objecti ves.l it is, of course, by now clearly understood 
that no such thing as overall “optimization” is possible. We are 
always “suboptimizing”; that is, there are always things we do not 
control that lead us to do only the “best under the circumstances.”) 
As indicated above,£the formal models and simulations now avail¬ 
able can, within certain limits, describe outcomes of alternative 
choices within a policy framework, and they can indicate what 
combinations of variables will provide optimum results. Thus, 
they represent a radical departure from past information systems, j 
As we have seen,^such models specify the various interrelated and 
interlocked factors that influence profit or other objectives and the 
sensitivity of the output to changes in the various inputs. J 

For example, Figure 3-1 illustrates the cost categories of a 
product-distribution system and the main policy areas 7 affecting 
those costs, along with the key operational characteristics of the 
system. An analysis will show that the policies do not always affect 
the costs directly; often they affect costs indirectly, through inter¬ 
mediate variables (operational characteristics) of order frequency, 
order size, demand volume, demand mix, and demand location. 
Decisions on policies in the nineteen areas listed can be greatly im¬ 
proved by new management information systems using models 
that price out and “optimize” the effects of changes in a specific 
policy (such as warehouse location or mode of transportation) on 
7 Of course, the list of policy areas is not necessarily exhaustive. 
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the variables that directly influence cost. The models are formal 
descriptions of the movement of products (for example, through a 
production and distribution network) and algorithms (such as 
linear programming) that describe relevant interactions and costs. 
Such management information systems can be designed to develop 
an accurate representation of a total system so that the cost and 
revenue effects of alternative policies can be determined. 

The key result is the development of a formal model with the 
capacity to produce a relevant description of the total distribution 
system and to capture, store, and retrieve as required the detailed 
data needed to evaluate alternatives. The computerized retention 
of detailed geographical, chronological, and demographical inter¬ 
action information has been a significant step in this revolutionary 
approach to policy decisions. This information has provided a 
basis for the use of formal models for short- and long-term forecast¬ 
ing and for the development of distribution, activity sequencing, 
resource acquisition, resource allocation, and overall control 
policies. 

Far from being simply a formal mathematical exercise in op¬ 
timization, a model allows the executive to examine a wide range 
of alternatives in a flexible way and to determine the feasibility, 
consistency, cost effectiveness, and profitability of various possible 
policies. The development of this model required (as do most such 
models): 

1. Formulation of an algebraic or arithmetic representation of 
the system affected by the policy or policies under consideration. 
This requires analysis of the factors that describe the system (in 
terms of independent external variables and combinations of in¬ 
ternal variables that can be used to represent actual interactions 
and flows through the system from product source to ultimate con¬ 
sumer). Ultimately, this analysis permits the description of the sys¬ 
tem to be written as a series of equations involving the variables. 

2. Determination of the detailed relationships of the variables 
in the equations. This implies the ability to obtain, store, and 
properly sort detailed information. Fortunately, this can now be 
done without the tons of paper and man-years of clerical work that 
would have been required not very long ago. (Otherwise such sys¬ 
tems would be mere academic exercises.) 

3. Determination of the costs of products and of the capacities 
and costs of warehousing and distribution facilities associated with 
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the production of items and their movement through the system 
from product source to customer. 


IMPLEMENTING THE MODERN 
INFORMATION SYSTEM 

The wealth of models described in management science literature 
and the concurrently developed computer systems for efficient 
handling of internal data can now provide management with key 
decision-making information on a timely and accurate basis. How¬ 
ever, jmkny executives have missed the vital point of this new de¬ 
parture in information systems: the collection and storage of 
masses of data is virtually meaningless without the concurrent de¬ 
velopment and use of effective models for determining likely cost 
and revenue consequences of alternative courses of action^] 
f^The key significance of these new departures in management in¬ 
formation systems is that they provide action information. This in 
formation is distinguished from mere data, accounting or cost de¬ 
scriptions, or so-called control or exception reports, because it pin¬ 
points action implications. All of these models analyze the prob¬ 
able effects of alternative courses of action. The more accurately 
they do this, the greater will be management's ability to make ef¬ 
fective decisionsTj 

mathematical models and supporting hardware that un¬ 
derlie the simulation and optimization techniques are now avail¬ 
able at reasonable cost. The chief implementation problem is to 
educate managers to appreciate and understand the benefits and 
limitations of being able to analyze alternative courses of action, 
If the analytical approach is to be used successfully, the manage¬ 
ment team (and not simply a single executive) must understand it 
and apply it to broad areas of decision making. In fact, the man 
agement team itself must be deeply involved in the analysis of 
its own decision process. This is not easy. The tendency is to shy 
away from real penetration into ongoing decisions and to argue 
either that such decisions are too complicated or that significant 
alternatives are not available. But neither of these arguments is val¬ 
id in light of the successful applications of the approach by diverse 
groups in government and by large and small businesses. 

The necessary involvement of management also emphasizes a 
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great danger inherent in attempts to use analytical systems. 
Formal techniques of handling information or measuring conse¬ 
quences of alternatives can lead only to unfortunate results if ap¬ 
plied by executives who lack a deep understanding of the underly¬ 
ing economics of their business. Those who help management help 
itself in applying these new systems must also understand the 
organizational implications of replacing a compartmentalized 
approach with an efficient, timely, overall information flow. If 
applications are to be effective, the business must be viewed as a 
system, not just as a set of vaguely integrated and coordinated 
functionsjAs Figure 3-2 indicates, the basic information systems 
for each key business function (finance, marketing, manufactur¬ 
ing, personnel) must be tied into a top-management system that 
permits optimal planning and decision making at the top to be ^ 
related to optimal decision making in each function—all systems 
resting on the fundamental record-keeping data base. 7 
^Regardless of the difficulty of applying these new systems, to¬ 
day’s competitive environment forces the executive to strive to 
make better decisions and to formulate better policies. Whenever 
competition begins to use better decision-making methods for such 
functions as forecasting, scheduling, allocation, or pricing, the 
firms falling behind in the use of these methods will lose increasing 
amounts of competitive ground. For example, more and more 
companies have had to develop an interest in control reports on 
pieviousl) neglected aspects of customer service: promises-kept re¬ 
ports, delivery-cycle reports, back-order analyses, and so fortluBuf 
simply keeping this information is useless unless the effect ancfcost 
of changing the inputs are clear. 

New departures are being made every day. The language that 
management speaks is changing, and the transactions and other 
events in a business have undergone radical alteration in just a 
short time. As we have seen, management will always be faced with 
the problem of making choices. These choices simply will be trans¬ 
ferred to a higher level than ever before, since the deeper the un¬ 
derstanding, the more meaning can be inferred from a given 
decision-making situation. And the use of these new systems will 
influence the environment because only the better systems survive. 

In the long run, their use will be vital to the survival of any busi¬ 
ness or organization. 






CHAPTER 

Planning Long-range 
Business Strategy 



^Sfi-ANY businessmen are yet unaware of how effec- 
tively management science can clarify difficult and complex policy 
decisions. Models can be developed today that spell out, far 
more sharply and usefully than was ever possible before, the po¬ 
tential risks and returns on investment involving thousands or mil¬ 
lions of dollars. As a result, losses may be avoided and profit oppor¬ 
tunities improved. The use of these models—tailored to specific 
business problems—was not practical until the same techniques 
that scientists have used so effectively on physical phenomena 
were used to analyze business. 

The usefulness of management science techniques for major 
business policy or strategy decisions stems from the use of the sys¬ 
tems (model-building) approach to problems of complexity and 
uncertainty. As we have seen, computers make the approach more 
attractive. Thousands upon thousands of companies—30,000 to- 
46 
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day, by one estimate—have computers, but far fewer companies 
have taken stgnificam advantage of new management science 
methods. Thus, these methods offer the alert executive an oppor¬ 
tunity to achieve real competitive advantages for his company. 


PLANNING FOR DECISION 
MAKING 

An actual example can best show how effectively management sci¬ 
ence is helping executives reach major, long-range corporate strat¬ 
egy decisions. The top management of a large company-a pro¬ 
ducer, processor, and marketer of a commodity-type product- 

recently faced the following situation. 

Every year, the company’s overseas mills produced over a mil¬ 
lion tons of raw material for shipment to the continental United 
States. About 75 percent of the raw material went to the company’s 
West Coast plant, where it was made into more than forty con¬ 
sumer and industrial products for sale nationwide. The remaining 
2a percent was shipped through the Panama Canal to be sold as a 
raw product to processors in the Gulf States region or on the New 
York open market. 

Business had been satisfactorily profitable for many years, but 
now changes were under way in the industry. Competitors had re¬ 
cently built a number of new plants and had stepped up plant im¬ 
provements and mergers, with a resulting increase in shipments of 
competing products into the company’s largest markets in the 
West and Midwest. Meanwhile, prices for the company’s raw ma¬ 
teria on the open market had been rising, while prices for its fin- 
ished products were remaining relatively stable. 

On top of all this, the West Coast plant would soon be operating 
at full capacny and would then require an investment of between 
515 million and |25 million to meet the increasing demand for fin- 
■shed products. Meanwhile, however, two attractive alternative 
locations for a new plant had come to light, and it was possible 
that the company would benefit more in the long run by building 

new plants on one or both of those sites than by expanding the 

original plant. 5 

In light of this situation, the Board of Directors asked the com¬ 
pany s chief executive officer to develop answers to these questions: 
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First, with our good position in the raw material market, and 
with raw material prices rising, should we even try to compete in 
the processing-marketing business 5 to 10 years from now? 

Second, if we should decide to compete, what will it be worth m 
dollars and cents to: 

1. Expand our present plant, build new plants, or do both 

2. Continue with our present markets or enter new ones 

3. Continue to market our present mix of products or bring out a 
new line? 

Further, should we use long-term debt financing? 

Obviously, these were complex questions. Just as obviously, they 
raised basic issues of business strategy—issues such as any top 
management inevitably confronts from time to time. 

What is business strategic planning, as this company carried it 
out? Business strategic planning is “top-down,” long-range cor¬ 
porate planning that challenges the basic goals and directions that 
have guided the enterprise in the past. More technically stated, it 
should be prospective decision making, done after the systematic 
evaluation of all reasonable alternative courses of action and un¬ 
der whatever conditions of uncertainty exist in the long-term eco¬ 
nomic environment. 

To illustrate, the executives of the company just described had 
to evaluate the practical courses of action systematically and then 
decide among them. Some of these were: expanding their existing 
plant, building new plants, entering new markets, and/or chang¬ 
ing the product line. Overshadowing their decision making was 
their uncertainty about what competition would do in the future, 
what prices might be, and, of course, what nationwide economic 
events — suc h as recessions or special legislation unfavorable to 
their business—might occur to change the picture. 

Strategic planning, as they carried it out, is an ongoing process. 
It should produce a “portfolio” of goals and plans—goals and 
plans which, though tailored to specific events (favorable or other¬ 
wise) that may occur in the future, can be readily reanalyzed and 
updated. 

How, then, did these executives solve the strategic planning 
problem posed by the Board of Directors' questions? With avail¬ 
able technology in the management sciences and computer sys¬ 
tems, they could not attack the problem in the most straightfor- 
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ward way possible, which would have been to evaluate all possible 
alternatives and combinations of alternatives with various future 
possible economic conditions. There were too many alternatives 
even for the largest computers to handle. 1 However, they were able 
to develop the critical information on which to base their strategic 
plans. First, they selected the best corporate course of action from 
the alternatives within the most probable economic environment 
(the one they felt was most likely to occur). Second, they tested the 
impact of other, less probable environments upon these results and 
modified the initially selected course of action to minimize threats 
or to capitalize fully on opportunities. Third, they produced a 
portfolio of goals and plans that would enable them to react 
quickly to the real future environment as it unfolded. 

As we have seen, the major components of their strategic plan¬ 
ning problem were: 

1. An uncertain future economic environment 

2. Alternative corporate courses of action 

Accordingly, to solve the strategic planning problem, they first 
had to define the likely future environments and specify reason¬ 
able corporate alternatives. 

To define future economic environments that would have the 
greatest impact on corporate strategy, the company first had to 
identify the critical factors for this particular strategic problem 
and then had to decide how many values for each factor should be 
taken into consideration in planning. After analyzing the situa¬ 
tion, this company’s management concluded that the following 
four factors in key market areas—at the levels indicated were 
critical: 

■ Population growth—low, expected, high 

■ Impact of substitute—expected and high 

■ Product prices—low, expected, and high 

■ Competition—expected and high 

Note that with just these four factors and their various values, 
thirty-six different combinations of environments could be gener- 

1 This picture is, of course, continuously changing. The number of alterna¬ 
tives that can be examined economically with an appropriate programming 
algorithm and computer system continues to increase each year. The upper 
limit is not yet in sight. 
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ated (3 X 2 X 3 X 2). For example, one such environment would con¬ 
sist of (1) high population growth; (2) expected impact of substi¬ 
tute; (3) low product price; and (4) high competition. 

After reviewing each of these thirty-six combinations, manage¬ 
ment selected eight as being the most important to test. These en¬ 
vironments were: 

■ A most probable environment—consisting of all factors at 
their “expected” values 

■ Six less probable environments, each with one of the follow¬ 
ing factors at the values indicated (and the rest at the “expected” 
level) 

—A low population 

—A high population 

—A low price 

—A high price 

—A high substitute impact 

—A high level of competition 

■ A most pessimistic environment—consisting of all factors at 
their most unfavorable values 

By selecting these eight key environments to test, management 
was not simply discarding other combinations. Rather, it was fo¬ 
cusing initially on those environments that (1) could reasonably be 
expected to occur and (2) would significantly affect the company’s 
operations and hence the decisions that would have to be made in 
advance. 

Having defined eight key future economic environments, man¬ 
agement next had to specify the reasonable alternative corporate 
courses of action to be tested within each. 

In the kinds of analyses described here, corporate courses of ac¬ 
tion can be divided into two broad categories: financial and oper¬ 
ating. In this example, management had two financial alterna¬ 
tives: using long-term debt or continuing to finance the company’s 
operations out of earnings and short-term borrowings. 

Operating alternatives fall into two subcategories: manufactur¬ 
ing alternatives and marketing alternatives. In manufacturing, 
this company faced a fairly complex array of operating alternatives 
—eight in all: 

1. To maintain the present West Coast plant capacity, or to ex¬ 
pand it, in combination with the alternatives 
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2. To build no new plants or to build 

—A new large plant at location A 
—A new large plant at location B 
—Small plants at both locations 

Analysis of these alternatives showed the eight combinations to 
be reasonable (one combination, for example, was not to expand 
the existing plant but to build a new large plant at location B). 
The company’s marketing alternatives were: 

1. To stay in the existing markets, or to enter new markets 

2. To change or not to change the product line 

Here there are four possible combinations (one combination, 
then, was staying in existing markets with the existing product 
line, while another was entering new markets with a new product 
line). 

In total, then, the executives had sixty-four seemingly reason¬ 
able combinations of corporate courses of action —two financial 
alternatives times eight operating alternatives times four market¬ 
ing alternatives—the consequences of which had to be sorted out. 
These were shortly to be combined with the selected economic en¬ 
vironments, thus increasing significantly the magnitude of the 
problem that top management faced in systematically evaluating 
these combinations to develop a meaningful set of goals and plans 
for the future. 

The total number of combinations (formed by the number of 
economic environments times the number of financial alternatives 
times operating-manufacturing alternatives times operating- 
marketing alternatives) virtually exploded. The grand total was 
512 combinations for investigation—made up of eight environ¬ 
ments times two financial alternatives times eight production al¬ 
ternatives times four marketing alternatives. 


PROBLEM SOLVING 

At this stage of the analysis, it would have been, of course, physi¬ 
cally possible to evaluate each combination with nothing more 
than pencil, paper, and desk calculators. How long it would have 
taken is a matter for conjecture, in terms of detail, accuracy, and 
ease of rerunning. Thus, the computer, along with a management 
science model and algorithm, provided a method that initially 
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eliminated as many nonsignificant alternatives as possible. This 
approach helped to cut the problem down to size by concentrating 
first on finding the best course of action within the “most prob¬ 
able” environment, and then testing this selection in the other 
seven less probable environments. The process was carried out in 
three phases: 

Phase 1: After defining probable environments and identify¬ 
ing key corporate alternatives, a “base case” was run with: 

■ Most probable environment 

■ No changes in corporate operations or structure 

The base case provided the basis for comparison in analyzing al¬ 
ternatives. 

Phase 2: The objective in this phase was to reduce the number 
of alternatives. For the “most probable” environment, the com¬ 
pany evaluated each of the sixty-four alternative courses of action 
and compared it to the base case, using return-on-investment cri¬ 
teria (other criteria could, of course, be used where appropriate). 
On the basis of these analyses, the most desirable course of action 
within the most probable environment was selected. 

Phase 3: In this step, the impacts of other, less probable en¬ 
vironments on the selected course of action were evaluated. In ad¬ 
dition, one or more alternative courses of action previously elimi¬ 
nated were reevaluated where judgmental analysis indicated that 
they might prove more desirable in one of the less probable en¬ 
vironments. The final output of this process was an updated port¬ 
folio of goals and plans covering all the selected environments. 

Even though this approach kept down the number of combina¬ 
tions that required analysis, the company actually evaluated one 
base case, sixty-three alternatives within the probable environ¬ 
ment, and three alternatives (the selected one plus two variations) 
for each of the remaining seven environments: eighty-five cases in 
all. Although significantly less than the 512 possible combinations, 
this number is still sizable by conventional standards. The key 
analytical tool in evaluating these combinations was what may be 
called a “strategic planning computer model.” 

The model used by this company is fairly typical of those used 
for analyzing major strategic decision problems. It was made up of 
three submodels—an environment model, a decision model, and 
a financial model—as follows: 
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Environment model: This model was used to generate the 
prices, demands, and costs associated with a selected environment. 
An environment model can be either “deterministic” (in which all 
input factors are given only a single value) or “probabilistic” (in 
which each significant factor is assigned a probability distribution 
describing the range of values that it can assume). We will see more 
of probabilistic models in the future. The model used by the com¬ 
pany was deterministic but, as we have seen, was applied to a large 
number of different environments, and thus used some of the 
probabilistic information available. 

Decision model: This model was used to “optimize” (on the 
basis of selected profit or return-on-investment criteria) the plant 
and operating configuration and levels of activity (production, in¬ 
ventories, modes of distribution, for example) for a designated 
environment. 

Financial model: This model was used to produce pro forma in¬ 
come statements and balance sheets reflecting the financial results 
of selecting a particular course of action within a particular 
environment. 

The three submodels in the strategic planning model can be fur¬ 
ther understood in terms of their functions and required input 
data. The primary function of this company’s environment model 
was to compute the potential demand for each product group in 
each market, to adjust prices and costs for future inflation, and to 
compute product contribution margins for a particular environ¬ 
ment. A series of equations was written to describe these calcula¬ 
tions and then programmed for the computer. This submodel’s 
input data consisted of the important environmental factors: for 
example, population, per capita consumption, and competitors’ 
regional distributions. Additional input data for the environment 
model were the estimated maximum market shares and product 
mixes by market. 

Once an environment had been selected, the decision model (in 
this case using linear programming) determined the levels of pro¬ 
duction and inventories, methods of distribution, and raw ma 
terial sales that would maximize profits in the selected environ¬ 
ment. In addition, the decision model identified those operating or 
policy constraints that were limitations on the company’s ability to 
make additional profits in that environment—e.g., plant ca- 
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pacity. It also provided the potential dollar “opportunity value” 2 
of relieving these binding constraints. Such information is ex¬ 
tremely valuable in strategic planning and is a normal by-product 
of a linear programming model. 

Input data for the decision model from the environment model 
included the potential demands for each product and the product 
contribution margin by market. In addition, the operating capaci¬ 
ties and costs of the various plants and machines were required. 
Here, for example, management provided a range of operating 
capacities, costs, and investment requirements and let the decision 
model indicate which investments in capacity should or should not 
be made, according to their profitability. 

Finally, the financial model used the output of the decision 
model to produce contribution margin reports by market and pro 
forma corporate income statements and also to perform discounted 
cash flow return-on-investment analysis of all new investments 
made in the case run. For input data, the financial model used the 
optimum allocations and the operating costs determined by the 
decision model and other income and expense data, such as depre¬ 
ciation schedules and fixed costs. 

Each of these models produced computer printouts to describe 
the environment being tested, the optimum allocation, and the fi¬ 
nancial results. Most important from management’s point of view 
were the pro forma financial statements, which enabled them to 
get a clear picture in ordinary, day-to-day terms of what the future 
might look like if they should take certain specific decisions under 
various economic forecasts. 

One end result of this strategic planning process was a catalog of 
corporate courses of action according to their financial attractive¬ 
ness in the environments tested, together with a time scale indicat¬ 
ing deadlines by which decisions would have to be made. Figure 4- 
1 gives a simplified example of these results. 

As Figure 4-1 shows, the company had a list of the major courses 
of action it could choose and a table summarizing the financial at¬ 
tractiveness 3 of each course of action in each of four tested en¬ 
vironments. These indicated, first, that the company should re- 

2 Also called “shadow price’’ or “opportunity cost,” 

3 The actual outputs were, as indicated, detailed financial statements in each 
case. 





















56 New Power for Management 


main in the processing-marketing business and use, within reason, 
long-term debt financing in all environments. 

Building a new plant only at location A turned out to be de¬ 
sirable in all environments. Expanding the existing plant was 
desirable in all environments but one. The new product line was a 
“go” in two environments but not in the other two, and entering 
new markets was not desirable in any environment. 

Where a course of action—for example, a new product line for 
this company—would be desirable in some environments but not 
in others, and a decision must be made now, before the new en¬ 
vironment can be known, the top management must, in making a 
final decision, assess the risk involved: i.e., the probability of a fa¬ 
vorable future environment and the size of the stake. As will 
shortly be seen in some detail, management science can help him 
analyze this risk. 

It should be noted that the management science procedures and 
methods that this company used to help plan long-range business 
strategy could be equally well applied to other strategy planning 
in that company or, indeed, in almost any other company. Taken 
together, these procedures and methods constitute a new and pow¬ 
erful kind of general-purpose tool, the quantitative model for long- 
range strategy planning. The rest of this chapter describes other 
management science tools for planning. 


RISK ANALYSIS 

Figure 4-1 showed that management could have made no single 
decision regarding new product lines that would have been best 
for all possible future environments. If competition had remained 
unchanged, the company would have profited by introducing new 
products; if competition had become considerably more severe, the 
company would have been better off not introducing new prod¬ 
ucts. (Briefly, this was because greater competition would have sig¬ 
nificantly reduced profits on new finished products, while the 
company could have been reasonably sure of comfortable profit 
margins on increased sales of raw products.) Yet, as the decision 
date indicated, management had to make a decision by that time, 
despite uncertainty about the future environment. An approach 
called risk analysis can be useful in a situation where the outcome 
depends on uncertain environmental conditions. 
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The management of this company agreed that it would be un¬ 
wise to simply choose the most likely environment and assume that 
it was going to come about. It was also clear that in such a situation 
knowledge about the nature of the uncertainty of the various 
environments and about the size of the stake involved could affect 
the decision maker's choice. In fact, this is precisely what is meant 
by risk. Risk is dependent on both the amount of uncertainty and 
the size of the stake involved. 

How the two factors influence decisions might be illustrated by 
asking the reader to play a game—or rather, asking him to choose 
which of two games he would like to play. One plays the game he 

chooses just once. A coin is to be Hipped once in each game; it is a 
fair, unbiased coin. 

In game A, if the coin comes up heads, the player will get 5 cents; 
if the coin comes up tails, he will get 5 cents. That is, 5 cents is a 
sure thing. In game B, on the other hand, if the coin comes up 

heads, he will get 15 cents; if the coin comes up tails, he will get 
nothing. & 

Now, would you pick game A or game B? Game B, in all likeli¬ 
hood. The reason is perhaps obvious; the long-run average, the 
best-guess outcome, the “expected value” of game B is, in this situ¬ 
ation, 7J/2 cents a 50-50 chance of winning 15 cents. And the 
equivalent stake of 5 cents is negligible (the 5 cents is a stake be- 
cause not to choose A risks losing a sure return). 

Let us change the stakes a little without changing the rules. In 
game A, the player will get $50 regardless of whether the coin 
comes up heads or tails. In game B, on the other hand, if the coin 
comes up heads, he will get $150; if the coin comes up tails, he will 
get nothing. He would probably still prefer game B, for the $50 
stake is perhaps minor compared to a 50-50 chance for $150. 

Let us try once more. In game A, $5 million is a sure thing 
Game B offers a 50-50 chance at $15 million. This time, almost 
anyone would prefer game A. And yet game B still has the greater 
“expected value”-—$7.5 million. 

This shows how information about uncertainty and the size of 
the stake affects personal and business decisions. If, in this game 
example, the only information available was the expected value of 
each of the games, a player would have had no rational alternative 
but to choose game B in all three cases, since it has the higher ex¬ 
pected value. However, knowing that game B involved a substan- 
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tial amount of uncertainty, whereas game A did not, one would 
very likely have chosen game A in particular circumstances. Fur¬ 
ther, this game example showed that either the size of the stake or 
the amount at risk can affect the player’s decision, even though 
nothing else might change. When the size of the stake got high 
enough—in this case, $5 million—most of us chose to follow a 
more conservative course of action. In other words, information on 
the amount risked causes a person to make a different decision. 

It should be pointed out that a “best-guess” analysis—that is, 
an analysis using only the most likely value for each of the various 
key factors—would totally conceal the uncertainty information 
that would lead one to make different decisions regarding the 
games. Companies have always used best-guess analysis in invest¬ 
ment decisions. By contrast, the management science approach 
known as risk analysis (which was briefly discussed in Chapter 3 m 
the section on simulation systems) makes it possible for manage¬ 
ment to have and use this uncertainty information. Risk analysis 
permits the manager to know more accurately the degree of risk 
that he is incurring by choosing a given course of action. Further, 
as will be seen, risk analysis may actually help the manager reduce 
this risk by indicating to him which among the factors that he can 
influence contributes to it most significantly. An example of an 
actual case in which risk analysis was used to analyze a new- 
product venture will clarify these points. 

A company in the foods field was considering putting a new 
candy on the market. There were eight key environmental factors 
bearing on the decision (Figure 4-2). As is characteristic of new- 
product ventures, all were highly uncertain. Information on the 
range of uncertainties associated with each of these factors was 
gathered and a probability distribution 4 was determined for each. 
For example, Figure 4-3 depicts the resulting probability distribu¬ 
tion of the total market size for the first year after the introduction 
of the new product. 

The probability distributions of all eight key factors were then 
inserted into the risk analysis model, a simulation model like those 
described previously. The results of the risk analysis showed the 
range of possible financial outcomes that could be expected from 
carrying out this new-product venture as initially planned, and the 

4 The chances or probabilities associated with each possible event (or events) 
being described by the range of uncertainties. 
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probabilities that each of various possible returns on investment 
would result. 

As originally conceived, the proposed venture offered an ex¬ 
pected return of approximately 14 percent after taxes. This 
would have been the only reasonable return about which manage¬ 
ment would have learned, had it been estimated by traditional 
methods. But the risk analysis method yielded the “risk profile 
given in Figure 4-4, in which the 14 percent return appears at 
the point of 50 percent probability. Particularly vital further intel¬ 
ligence produced by risk analysis revealed that the venture stood a 
l-in-10 chance of incurring a loss, and a less than l-in-10 chance of 
achieving a 25 percent return. (These values are indicated also in 
the risk profile, Figure 4-4.) 

Given only the information on the expected return of 14 percent 
—a satisfactory rate of return for this particular company 
management would have accepted the proposed investment. How¬ 
ever, given the additional information that there was a 10 percent 
chance of incurring a significant loss, management had serious sec¬ 
ond thoughts about accepting this proposal. 

To facilitate its decision, management developed and analyzed 
an alternative way of entering this business. This involved a less 
fully integrated method of manufacturing the product and a dif¬ 
ferent distribution channel. The results of a risk analysis of the 
second alternative are shown in Figure 4-5. 

The expected return from this alternative is lower—11 percent 

_but there is almost no uncertainty involved. Although an 11 

percent return to this company was a fairly acceptable rate, man¬ 
agement still had a rather sticky decision to make. Should it accept 
the marginally attractive but highly certain 11 percent rate of re¬ 
turn, or should it accept the 14 percent expected rate of return with 
a significant chance of achieving a much higher or lower rate of 
return? Risk analysis will not make this decision for the manager, 
but it will provide him with useful information upon which to 
base his decision, and it will help him decide how to use it. (This 
management took the conservative course—accepting the 11 per¬ 
cent; another management might have decided differently; but 
each would know why the decision was made.) 

Sensitivity analysis is a technique used to identify those factors 
in a decision situation that have the greatest effect, or leverage, on 
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the outcome. Often, of course, a factor that has the largest nu¬ 
merical effect on the outcome is known with virtual certainty, 
while anothei factor that has a numerically smaller effect on the 
outcome is highly uncertain. For example, consider one company 
that was mining, shipping, processing, and marketing a mineral 
product. The shipping, processing, and marketing costs were 
known with virtual certainty, and the likelihood that their total 
would possibly go below $45 or above $55 per ton was considered 
to be slight. By contrast, the cost of bringing the material to the 
surface—that is, the mining cost—could be as low as $10 per ton 
if everything went right or as high as $35 if there should be un¬ 
usually severe flooding, if the overburden should be more difficult 
to work with than expected, and if there were unusual labor diffi¬ 
culties. The best-guess estimate for the mining cost was $20 a ton 

lower than for the known shipping, processing, and marketing 
costs, but so much less certain that it was by far the most significant 
factor to which management could direct its attention. The con¬ 
trasting uncertainty profiles for the two types of cost are plotted 
in Figure 4-6. 

Without the information on uncertainty and this method of sen¬ 
sitivity, which risk analysis made possible, the facts of the situation 
might not have been apparent to management. But, given this 
additional information, management could concentrate on reduc¬ 
ing the mining cost, or at least attempting to reduce the range of 
uncertainty by getting better information (through research and 
exploration, among other things). 

In summary, the risk analysis approach is useful for top- 
management decision making in situations where no one course of 
action is clearly most profitable and where considerable uncer¬ 
tainty is associated with the future environment and with the 
factors affecting the decision. Risk analysis provides management 
with specific information on the level of risk that it will incur in 
taking a particular course of action. And finally, because risk anal¬ 
ysis can tell management which factors contribute most signifi¬ 
cantly to that risk, management may be able to influence those 
factors. These three results, in combination with those from other 
systematic analyses (such as linear programming models), should 
provide the basis for effective long-range strategy planning in to¬ 
day’s complex and highly competitive markets. 





Capital Investment 
Analysis 


Of all the decisions that business executives must 
make, none is more insistent, challenging, and, of course, poten¬ 
tially rewarding than that of choosing among alternative capital 
investment opportunities. Once the opportunities have been iden¬ 
tified, it is not difficult to project the impact of the investment on 
future profits and returns under various assumptions about the fu¬ 
ture. The difficulty lies in deciding on the validity of the assump¬ 
tions about such factors as sales, costs, and market share, and their 
implications. Each assumption involves a certain degree often 
a high degree—of uncertainty. Taken together, these uncertain¬ 
ties can multiply into a total uncertainty which, when combined 
with the investment stake, often introduces a risk of critical pro¬ 
portions. It is in the evaluation of risk that the executive has been 
able to get little help from older tools and techniques. 

As suggested in preceding chapters, risk analysis now offers the 
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executive a realistic means of measuring the risks involved in capi¬ 
tal investment decisions. Armed with this measurement, which 
evaluates for him the odds on each possible level of return, the 
executive is in a more knowledgeable position to weigh alternative 
courses of action against corporate objectives. 

Risk analysis, then, is a management science technique for eval¬ 
uating the uncertainties involved in alternative proposals for 
major capital investment. In this chapter we shall examine risk 
analysis in detail; in Chapter 6 we shall see how recent develop¬ 
ments based on risk analysis can serve as guides to management in 
formulating company policies for combining proposed capital in¬ 
vestments into a rational pattern to meet stated corporate 
objectives. 


NEED FOR NEW CONCEPT 

The evaluation of a capital investment project starts with the 
principle that the potential productivity of capital is measured by 
the return an investor may expect over some future period. A dol¬ 
lar received next year is worth less than a dollar in hand today, 
because one can presumably invest today’s dollar at some rate of 
return and have more than a dollar in hand a year from now. For 
the same reason, expenditures to be made three years from now are 
less costly than the same expenditures would be two years hence. 
Thus, the rate of return cannot be calculated realistically unless 
one takes into account both (1) the time investment funds are to be 
expended and (2) the time investment returns are to be received. 

Comparing alternative investments is therefore complicated by 
the fact that investments usually differ not only in cost and reve¬ 
nue but also in the length of time over which expenditures will 
have to be made and in the timing of the payouts. 

These basic investment facts revealed long ago the shortcomings 
of approaches that measure the relative attractiveness of alterna¬ 
tives by (1) averaging and ratioing annual benefits and expendi¬ 
tures or (2) lumping annual benefits and expenditures—as does 
the number-of-years-to-pay-out method. These shortcomings have 
stimulated students of decision making to explore more precise 
methods of evaluating and ranking proposed investments. It is not 
surprising, therefore, that much effort has been devoted to devel- 
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oping ways to determine the values to a company of alternative 
capital investments. The accepted ways to calculate alternative 
capital investment values and to measure the rate of future return 
on an investment made today are discounted cash flow analysis and 
the closely related present worth analysis . 1 

Thus, these methods are more or less elaborate mathematical 
formulas for comparing the outcomes of various investments and 
the combinations of the variables that will affect the investments. 
As these techniques have been refined, the mathematical opera¬ 
tions involved have become more and more precise so piecise 
that discounted returns can now be calculated to a fraction of a 
percentage point. 

But the sophisticated businessman knows that these precise cal¬ 
culations are based on imprecise data. At best, the rate-of-return 
information that the businessman receives is an “average” based 
on different estimates with varying reliabilities and different 
ranges of probability. When the expected returns on two invest¬ 
ments do not differ greatly, he is likely to be influenced by factors 
whose probable impact cannot be calculated. Even when the fig¬ 
ures for two investments are so different that the choice seems clear, 
memories of the Edsel and other ill-fated surefire ventures lurk 
in the back of the businessman’s mind. 

In short, the decision maker realizes that there is something 
more he ought to know: something other than the expected rate of 
return. He suspects that the uncertainty is in the nature and 
processing of the data on which the expected rate of return is calcu¬ 
lated. It has something to do with a wide range of possible and 
uncertain outcomes and probabilities of rewards and risks. 

The Achilles heel 

The fatal weakness of past attempts to compare capital invest¬ 
ments thus has nothing to do with the mathematics of rate-of- 

1 In the discounted cash flow method the investment is analyzed as though it 
were a mortgage. From a discount table, a rate is selected that will discount the 
annual cash revenues less costs to a total present worth equal to the capital 
outlay. This rate is then the “discounted rate of return.” In present worth 
analysis, on the other hand, a rate of return that the company feels it must earn 
is the starting point and the value of the investment is determined by discount¬ 
ing the proposed cash flows back to a present worth using this rate. For an 
extended general discussion of the application of these concepts, see Eyeing 
the ROI,” by Stanley B. Henrice, in the Harvard Business Review , May-June 
1968, pp. 88-97. 
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return calculation. The fact is that, no matter what mathematical 
process is used, many of the variables entering into the calculation 
of rate of return are subject to significant levels of uncertainty. 

For example, the useful life of a new piece of capital equipment 
is rarely known in advance. It may be affected by variations in ob¬ 
solescence or deterioration, and relatively small changes in useful 
life can lead to large changes in return. Yet one specific value for 
the life of the equipment, based on a great deal of data from which 
a single best possible forecast has been developed, is entered into 
the rate-of-return calculation. The same is done for the other 
factors that have a significant bearing on the decision at hand. 

Figure 5-1 shows how difficult it is to determine the nature of the 
actual risk faced, even for a simple project in which the sales costs 
and capital outlay are totaled over the life of the investment. Using 
reasonable ranges for each of the variables involved (e.g., a best 
guess of 200,000 units for sales volume, with a range from 175,000 
to 225,000 units), the calculation shows that the outcome, in terms 
of average return on investment, may vary anywhere from zero to 
56.5 percent! Thus, even an approach using ranges has a fatal 
weakness: if the actual outcome for any variable is significantly 
different from the estimate, the actual results of the investment 
may be very different from those projected, and there is no way of 
knowing what the chances are that any value in a given range will 
be achieved. 2 

This uncertainty is illustrated by a simple case, one in which the 
odds appear to be all in favor of a particular decision. The execu¬ 
tives of a food company must decide whether or not to launch a 
new packaged cereal. They have concluded that there are five de¬ 
termining variables: advertising and promotion expense, total 
cereal marketing, share of market for the product, operating costs, 
and new capital investment. On the basis of the “most likely” esti¬ 
mate for each of these variables, the future looks bright: a healthy 
30 percent return. This return, however, depends on realization of 
each of the most likely estimates. If each of these “educated 
guesses has, foi example, a 60 percent chance of being correct 
(which is rather good) there is only an 8 percent chance that all five 

2 Figure 5-2, using the familiar example of a pair of dice, shows how the odds 
on any given outcome for a throw of the pair can be determined by finding all 
the combinations that can occur. Thus, 6 sevens (out of 36) equals 1 in 6 
chances of a seven; 1 two has 1 in 36 chances. 



LIKELY RANGE 


LOW 


HIGH 



ppi£g . $5.00 $5.50 

UNIT SALES . 175,000 225,000 

COSTS . $700,000 $875,000 

INVESTMENT . $950,000 $1,100,000 


PESSIMISTIC CASE 

($5 X 175,000) — $875,000 _ 

$1,100,000 


BEST ESTIMATE CASE 

1*5 X 200,000) — $800,000 = 2 0% 

$l,OOO,OO0 


OPTIMISTIC CASE 
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Will be correct (0.60X0.60X0.60X0.60X0.60)1 So the “expected” 
return is actually dependent on a rather unlikely coincidence The 
ecision maker needs to know a great deal more about the other 
values used to make each of the five estimates and about what he 
s tands to gam or lose from various combinations of these values. 

his simple example shows that the rate of return actually de¬ 
pends on a specific combination of values of a great many vari¬ 
ables. But very often only the expected levels of ranges (e.g worst 
average, best; or pessimistic, most likely, optimistic) of these 
variables are used in calculating the figures given to management. 
As we have seen, projecting a single most likely rate of return or 
the worst, average, and best possibilities gives seemingly precise 
numbers; but these numbers do not tell the whole story, because 
the expected rate of return represents only a few points on a con¬ 
tinuous curve of possible combinations of future happenings 
Using the expected rate in predicting the rate of return is a bit 
i e trying to predict the outcome in a dice game by saying that the 
most likely outcome is a seven. The prediction is incomplete be¬ 
cause it does not tell us about all the other things that could hap¬ 
pen. Figure 5-2, for instance, shows the odds on throws of only two 
me, each having six sides. Now, suppose that there are eight dice 
each having 100 sides. This is a situation more comparable to 
smess investment, where the company’s market share might be- 
come any one of 100 different percentage points and where there 
are eight different factors (pricing, promotion, and so on) that can 
affect the outcome. Building up a “distribution” of the possible 
outcomes of throwing these eight dice would give management a 
much more realistic and comprehensive picture of the alternative 
just as Figure 5-2 represents the distribution of possible outcomes 
m an ordinary dice game. 

Nor is this the only trouble. Willingness to bet on a roll of the 
dice depends not only on the odds but also, as we have seen, on the 
sta es. mce the probability of rolling a seven is 1 in 6 throws, one 
might be quite willing to risk a few dollars on that outcome at 
odds, for example, of 10 to 1. But would one be equally willing to 
wager |10 OOO or |100,000 at those same odds, or even at befter 
odds? In short, risk is influenced both by the odds on the occur¬ 
rence of various events and by the magnitude of the rewards or 
penalties that are involved when they do occur. 
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mint ’ l ; U ;; rate ]| a S ain T S i U PP ose a company is considering an invest- 
of $1 mill,on. The “best” estimate of the projected annual 
“ revenue » ,200,000. P„h„p, p f 

I ree p»,ble ch „„ ^ 

3 Ch - ance ° f gettln S #00000 per year; and a l-in-3 chance of 
getting m0 ,000 per year? Suppose that getting no return “all 
put the company out of business. Then, by accepting this 

ZC“ S ' m "" * “ k,ng * '•<*» «*— «t*H 

However, if only ihe “besl eslimate" analysis were known 
agement might go ahead, unaware that it was taking a big chance 
all of the available information were examined, management 
might prefer an alternative proposal with a smaller, but more cer¬ 
tain (i.e., less variable), expectation. 

Such considerations have led almost all advocates of the use of 
modern cap.tabinvestment-index calculations to seek recognition 
of the role played by the elements of uncertainty 

each° W “ n h , th \ executive dear awa y uncertainties that surround 
each available choice among alternative decisions? 

Limited improvements 

A number of efforts to cope with uncertainty have been success- 

or^another: ^ ^ *** * ^ ^ * ** mark in one way 

1. More accurate forecasts. Reducing the error in estimates is a 
worthy objective. But no matter how many estimates of the future 
go into a capital investment decision, the future is still the future 
when all is said and done. Therefore, no matter how well one fore- 


3 The estimate is worked out as follows: 


Probability 

Revenue 

Probability X Revenue 

1/3 

0 

0 

1/3 

$200,000 

$200,000 

1/3 

$400,000 

3 

$400,000 


3 


Expected (average) return = 0+- 


-+ 




■—$ 200,000 


^sssxsasssssss^^ 
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casts, one is still left with the certain knowledge that uncer¬ 
tainty cannot be entirely eliminated. 

2 Empirical adjustments. Before-the-fact adjustment of or 
change in the factors influencing the outcome of a decision is, su - 
iect to serious qualifications and difficulties. One would like to 
adjust them so as to cut down the likelihood of a “bad” investment 
but how can this be done without at the same time spoiling 
chance to make a “good” investment? And in any case, what: is t e 
basis for adjustment? One adjusts for bias, not for uncertainty, 
example, construction estimates are often exceeded. a com¬ 
pany’s history of construction costs is that 90 percent of its esti¬ 
mates have been exceeded by 15 percent, then in a capita 1 estimate 
there is every justification for increasing the value of this factor by 
15 percent. This is a matter of improving the accuracy of t e 

But suppose that new-product sales estimates have been ex¬ 
ceeded by more than 75 percent in one-fourth of all historical cases 
and have not reached 50 percent of the estimate in one-sixth of all 
such cases. Because penalties for overestimating are very tangi e, 
management is apt to reduce the sales estimate to “cover the one 
case in six, thereby reducing the calculated rate of return. In doing 
so it may miss some of its best opportunities. 

3 Revising cutoff rales. By selecting higher cutoff rates to pro¬ 
tect against uncertainty, management is attempting to do much 
the same thing. Management would like to have a possi n y 
Irn that is’n proportion to the risk it takes. ^ 
much uncertainty involved in the various estimates of sales, cost , 
prices, and so oi a high calculated return from the investment 
provides some incentive for taking the risk. This is, in fact a p 
fectly sound position. The trouble is that the^decision maker^st, 
needs to know explicitly what risks he is tak,ng-and what 
odds are on achieving the expected return 

4 Three-level estimates. A start at spelling out ris s, 
earlier, is sometimes made by taking the high, medium, and low 
values of the estimated factors and calculating rates of return based 
on various combinations of the pessimistic, average, and optimistic 

estimates. These calculations give a picture of the range o possi 

results but do not tell the executive whether the P esSira ' S “|; r£SU 
is more likely than the optimistic one-or, in fact, whether 
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average result is much more likely to occur than either of the ex- 
emes. So, although this is a step in the right direction, i, still does 
not give a clear enough picture for comparing alternatives. 

K^r MltleS - Vari ° US meth ° dS h3Ve bee " used to in- 

These arehel f 1 T faCt ° rS the ^eolation, 

a, e helpful and tend to clarify the executive’s view of invest 

“urTho^d d ° " 0t dCfine the ra "g e ° f “ risk taken” 

return hoped for” closely enough to help very much in the 

complex decisions of capital planning. 

seel^o r ^ A Com P letel r Afferent course that 

ms to have special appeal to marketing-oriented companies is 

metimes o owed. A company following this course will freely 

ge ,i, e 

come of a new investment-and then brush them aside on the 
grounds that the actual outcome can be “forced” to fit the estimate 

inTfromTe 6 ’ 7 ^ ^ ^ target ' V3ri ° US measures ^ 

mg from heavier advertising to a shake-up of the sales force can be 
used to get the desired results. And since the precise circums aLe 

!n Id^ce ^ taCUCS h3Ve t0 bC 3p P lied known 

„ s , . ' C 1S no P oint in worrying until the time comes- 
Something will always turn up.” Of course, such a Micawberisli 
vtew completely misses the point. If one can be cerium of achieving 
a particular set of results, the uncertainty disappears-and so in 

th^sdfhcar’ the Pr ° blem ° f inV£Stment ^ 

should be iat Pr ° PenieS ° f many bUSineSS SitUationS can and 
hould be taken into account.^ But if one cannot do so, the uncer- 

atmy and the problem remain. And the striking proportion of 

marketing failures belies the optimism of the Micawbers. 


SHARPENING THE PICTURE 

oi7sp e e V d r fic°de e ° f the ""I!" feCt0rS that Cmer into the evaluation 
a spec fic decision is subject to some uncertainty, the executive 

needs to know the effects that the uncertainty surrounding each of 

the significant factors has on the returns he is likely to achieve. 

g^S";rir UC V ine r be P r °S rammed to match sales as they 
costs.’ Or Z iXTZyt ° f P^ctiol 

losses to a minimum. P ° ff a Ca P ,tal asset m order to cut 
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Therefore, the risk analysis method combines the variabilities 
all the relevant factors. The objective is to give a clear picture o 
the relative risk and the probable odds of coming out ahead 

hind in the light of uncertain foreknowledge. „ 

A simulation ot.it. », these E.c.om »ntbiu. a, ht. f- = 
unfold, i. the key to.. mlotm.t.on 1mm 

the available forecasts. In fact, the approach is very stra.ghtfo 
ward, using a computer to do the arithmetic. 

To carry out the analysis, a company must follow three step 
! Estimate the range of values for each of the factors (e.g., range 
of selling price, sales growth rate), and within that range, estimate 
the likelihood of occurrence of each value. 

2. Select one particular value at random from the 
of values for each factor. Then combine the values for ° f ^ 
factors and compute the rate of return (or present value) for ha 
combination. For instance, the lowest in the range of prices migh 
be combined with the highest in the range of growth^c an 
other factors. (The fact that some factors are mutua y ep 
should be taken into account, as we shall see later.) 

3. Do this over and over again to define and eva uate t e o 
the occurrence of each possible rate of return. Since there are lite - 

ally millions of possible combinations ,,f values t ie hkd.hood 

various specific returns on the investment must be tested. This is 
like finding out by recording the results of a great many throws 
what percentage of sevens or other combinations we may expect i 
Tosstg dice. The result will be a listing of the rates of return that 
can be achieved, ranging from a loss (if the factors go ^ ai " S U 
whatever maximum gain is possible with the est.mates that 

^The* chances of the occurrence of each of these rates are deter 
mined. (Remember that a specific return can usually be achiev 
through more than one combination of events. Themorecnib- 
nations for a given rate, the higher the chances of achieving it-as 
with sevens in tossing dice.) As we have seen, the average^expec 
tion is the average of the values of all outcomes weighted by 

outcome’s chances of occurring. deter- 

The variability from the average of outcome values is also deter 
J* d This is important because, all other factors being equal, 
management would presumably prefer lower variability for the 
if riven the choice. The use of this concept to help 
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decide on policies for choosing investments will be discussed later. 
(When the expected return and variability of each of a series of 
investments have been determined, the same techniques may be 
used to examine how effectively various combinations of these in¬ 
vestments will meet management objectives.) 


PRACTICAL TEST 

To see how this approach w T orks in practice, one can use as a 
basis of comparison the experience of a management that has al¬ 
ready analyzed a specific investment proposal by conventional 
techniques. Taking the same investment schedule and the same 
expected values actually used, one can find what results the new 
method would produce and compare them with the results ob 
tained when conventional methods were applied. As will be seen, 
the new picture of risks and returns is different from the old one. 
Yet the diffeiences are in no way attributable to changes in the 
basic data; they are attributable only to the fact that this 
method is more sensitive to management’s uncertainties about the 
key factors. 

Investment proposal 

In this case, a medium-sized industrial chemical producer is con¬ 
sidering an extension to its processing plant that is estimated to 
cost $10 million. The estimated service life of the facility is ten 
years; the engineers expect to be able to utilize 250,000 tons of pro¬ 
cessed material estimated to be worth $510 per ton at an average 
processing cost of $435 per ton. Is this investment a good bet? In 
fact, what is the return that the company may expect? What are the 
risks? The best and fullest use must be made of all the market re¬ 
search and financial analyses that have been developed. Manage¬ 
ment can then have a clear picture of this project despite 
uncertainties. 

The key input factors that management has decided to use are: 

1. Market size 

2. Selling prices 

3. Market growth rate 

4. Share of market (that results in physical sales volume) 

5. Investment required 

6. Residual value of investment 
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7. Operating costs 

8. Fixed costs 

9. Useful life of facilities 

These factors are typical of those in many company projects that 
must be analyzed and combined to obtain a measure of the attrac¬ 
tiveness of a proposed capital facilities investment. 

Obtaining estimates 

How can this proposal be analyzed in the recommended way? 
The goal is to develop for each of the nine factors listed a fre¬ 
quency distribution or probability curve. The information needed 
includes the possible ranges of values for each factor, the average 
value for each factor, and some ideas of the likelihood that the 
various possible values will be reached. For major capital pro¬ 
posals, management usually makes a significant investment in 
time and funds to pinpoint information about each of the relevant 
factors. An objective analysis of the values to be assigned to each 
can, with some additional effort, yield a subjective probability 
distribution. 

Specifically, it is necessary to probe and question each of the ex¬ 
perts involved—to find out, for example, whether the estimated 
cost of production really can be said to be exactly a certain value or 
whether, as is more likely, the cost should be estimated to lie 
within a certain range of values. That range is often ignored in 
analysis, but it is relatively easy to determine, and if one has to 
guess —as one often does—a range is easier to guess with some 
accuracy than is a specific single value. As a rule, discussion of such 
distributions in a series of meetings with management personnel is 
most helpful in reaching realistic answers to the a priori questions. 
(The term “realistic answers” implies that the assumptions under¬ 
lying the analysis are clearly spelled out.) 

The ranges are directly related to the degree of confidence that 
the estimator has in his estimate. Thus, certain estimates may be 
known to be quite accurate. They would be represented by proba¬ 
bility distributions stating, for instance, that there is only 1 chance 
in 10 that the actual value will differ from the best estimate by 
more than 10 percent of the estimate. Others may range as much as 
100 percent above and below the best estimate. 

Thus, one treats the factor of selling price for the finished prod- 
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uct by determining from the executives (who are responsible for 
the original estimates) answers to questions such as: 

1. Given an expected sales price of $510, what is the probability 

that the price will exceed $550? P y 

2. Is there any chance that the price will exceed $650? 

' Ilkdy 18 U that the will drop below $475? 
Management must have answers to similar questions for each of 
the other factors; a distribution or probability curve can then be 
f„c each. Thi, i, 

« « hilriT “ < " 8 '“ M..1UM.;' 

“ °" I"”' Similacly. 

management can estimate the variability of sales from industry 

sales records. Even for factors that have no history, such as operat 
mg costs for a new product, the person who makes the “average” 

Pe 1 IT„ a The , i ny ’""S'' the d£gree 0ft ° nfideI1Ce he i-L 

prediction. The less confidence he has in his estimate, the greater 
wiH be the range of possible values that the variable will aLme. 

S point is likely to trouble businessmen. Does it really 

n.k. «™e „ ,«k of , arialton!f „ annoi ^ ^ 

oo strongly that the less certainty there is in an “average” esti 

ZTeluZT ,mP ° rtant U ,S t0 COm,der lhe pOSsMe —- - 

Further, an estimate of the variation that is possible in a factor 
no matter how judgmental it may be, is always better than a simple 
aver estimate, sjnce k includes mor£ 

« hat is known and what is not known. In fact, because this lack of 
nowledge ,s in itself important information about the proposed 

Wl >" “ "»' * 1* i«„ account tf 

decision making is to be rational. 

To throw any information away simply because it is highly un¬ 
certain is a serious error in analysis, which the risk anaLil ap- 
proach is designed to correct. ^ ^ 

Computer runs 

The next step in the proposed approach is to determine the re- 
urns that wil! result from random combinations of the factors in- 

W «"« way the, combine and 

interact to produce the end result (e.g„ revenues, costs, invest- 
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ments) must be developed. This requires realistic restrictions, such 
as not allowing the total market to vary more than some reasonable 
amount from year to year. Of course, any method of rating the re¬ 
turn that is suitable to the company may be used at this point; in 
the actual case being described here, management preferred dis¬ 
counted cash flow for the reasons cited earlier. 

This flow chart must then be programmed for a computer that 
can carry out the trials for the simulation method rapidly and at 
low cost. For one trial actually made in this case, 3,600 discounted 
cash flow calculations, each based on a selection of the nine input 
factors, were run in two minutes at a minimal cost for computer 
time. The resulting rate-of-return probabilities were read out im¬ 
mediately and graphed. The process is shown schematically in 

Figure 5-3. 


Data comparisons 

The nine input factors just mentioned fall into three categories; 

1 Market analyses to determine revenues. Factors included are 
market size, market growth rate, the firm’s share of the market, and 
selling prices. For a given combination of these factors, sales reve¬ 
nue may be determined. . . 

2. Capital investment cost analyses. This category inc u es in 
vestment required, residual value of investment, and useful life of 
facilities. Being tied to the kinds of service life and operating-cost 
characteristics expected, these factors are subject to various kin s 
of error and uncertainty; for instance, automation progress makes 

service life uncertain. , 

3 Operating and fixed costs analyses. Operating and fixed costs 

also are subject to uncertainty but are perhaps the easiest to 

estimate. f 

These three categories are not independent of each other; tor 

realistic results, the approach allows the various factors to be tied 
together through the flow chart and thence through the computer 
program. Thus, if price determines the total market, the price for 
the specific computer run is first selected from a probability distri¬ 
bution, and a probability distribution that is logically related to 
the price selection is then used for the total market. 

The values obtained through the new approach can now e 
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compared with the values obtained through the old. This com¬ 
parison is shown in Figure 5-4. 

Valuable results 

How do the results obtained through the new and old ap¬ 
proaches compare? In this case, management had been informed, 
on the basis of the “one best estimate” approach, that the expected 
return was 25.2 percent before taxes. When the new set of data was 
run through the computer program, however, the expected return 
was only 14.6 percent before taxes. This surprising difference is 
due not only to the fact that under the new approach a range of 
values was used but also to the fact that each value in the range had 
been weighed on the basis of its chances of occurring. 

The new analysis thus may help management either to avoid an 
unwise investment or to make a good one. In fact, carefully weigh¬ 
ing the information and lack of information about investment 
proposals in the manner suggested generally indicates the underly¬ 
ing uncertainty of the available information about otherwise 
seemingly satisfactory or poor investment proposals. 

The computer program developed to carry out the simulation 
can allow for easy insertion of new variables. Further, for each 
repetition in the simulation of outcomes, the program can permit 
the choice of a value for price from one distribution: a value that 
will then determine the particular probability distribution (from 
among several) that will be used to determine the value for sales 
volume to be used with the selected price. 

To understand how this important technique works, suppose 
there is a wheel, as in roulette, with the numbers from 0 to 5 repre¬ 
senting one price for the product or material, the numbers 6 to 12 
representing a second price, the numbers 13 to 25 a third price, and 
so on. For each of these segments there would be a different range 
of expected market volumes; e.g., $150,000 to $200,000 for the first, 
$100,000 to $150,000 for the second, $75,000 to $100,000 for the 
third. Now suppose the wheel is spun and the ball falls in 17. This 
would mean that a sales volume in the $75,000 to $100,000 range 
has been picked. If the ball goes in 1, there is a different price and 
the sales volume is in the $150,000 to $200,000 range. 

Most significant, perhaps, is the fact that the program allows 
management to ascertain the sensitivity of the results to each or all 
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of the input factors. Simply by running the program with changes 
in the distribution of an input factor, it is possible to determine the 
effect of added or changed information (or lack of information). It 
may turn out that fairly large changes in some factors do not sig¬ 
nificantly affect the outcome. In the case being described, as a mat¬ 
ter of fact, management was particularly concerned about (he diffi¬ 
culty of estimating market growth. Running the program with 
variations in this factor quickly demonstrated that for average an¬ 
nual growths ranging from 3 percent to 5 percent there was no sig¬ 
nificant difference in the expected outcome. 

In addition, one can see the implications of the detailed knowl¬ 
edge provided by the simulation method. Using single expected 
values, management arrives only at a hoped-for expectation of 25.2 
percent after taxes (which, as has been seen, is wrong unless there 
is no variability in the various input factors—a highly unlikely 
event). On the other hand, with the method outlined here, the un¬ 
certainties are clearly portrayed. 

Probability of achieving 
Percent return at least the return shown 


0 

96.5% 

5 

80.6 

10 

75.2 

15 

53.8 

20 

43.0 

25 

12.6 

30 

0.0 


This profile is shown in Figure 5-5. Such a graph, showing per¬ 
cent probability of realizing various returns, is a “risk profile” like 
the profiles briefly discussed in Chapter 4. Note the contrast with 
the profile obtained under the conventional approach. This con¬ 
cept can be used for evaluation of new-product introductions, 
acquisitions of new businesses, and plant modernization—in 
other words, whenever management is faced with risky investment 
choices. 




CHAPTER 


6 


Designing Capital 
Investment Programs 


The most important question management faces 
in deciding whether to continue investing in its going businesses 
and whether to invest in new opportunities is: “What information 
is needed to clarify the key differences among various alternatives 
over the planning horizon?” The basic factors that should be con¬ 
sidered in the case of each business—markets, prices, costs, and so 
on—are already agreed on. Also, the way the future return on in¬ 
vestment should be calculated is, if not agreed on, at least limited 
to a few methods, any of which can be consistently used by a given 
company. If the input variables turn out as estimated, any of the 
methods customarily used to rate investments should provide satis¬ 
factory (though not necessarily optimum) returns. 

In actual practice, however, the conventional methods do not 
work out satisfactorily. Why? The reason, as seen in the preceding 
chapter, and as every executive and economist knows, is that the 
86 
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estinwtes used in making projections are just that-estimates. 
More accurate estnnates would be helpful, but restdual uncer- 
ainty can still make a mockery of corporate hopes. Yet, as we have 
seen, there ts a solution. Providing realistic estimates for the key 
actors requires an tn-depth analysis of each factor to ascertain the 
uncertainties involved, as well as the reasons for these uncertain- 
ties. Using ibis knowledge of uncertainty, executives can maximize 
the value of the information for decision making. 

The value of computer programs in developing clear portrayals 

has hee Un ? n T m , y SUrr ° undin S individual investments 

as been clearly demonstrated. Such programs can produce valu¬ 
able information about the sensitivity of the possible outcomes to 
the variability of input factors and to the likelihood of achieving 
various possible rates of return. This information can be an ex 
ttemely important backup to management judgment. Decision 
makers are more confident that the available information has 

Oftbe OH^ WUh ," laxlmum efficienc y "'hen they have calculations 
of the odds on all possible outcomes. 

This simulation approach has the inherent advantages of com- 

pleteness and simplicity. It requires only an extension of the input 

estimates (to the best of one's ability) in terms of probabilities. No 

variable should be projected as a single value-the equivalent of 

saying we know it with pinpoint accuracy-unless we are certain 

The very discipline of thinking through the uncertainties of the 
problem helps to ensure better investment decisions. To under¬ 
stand uncertainty and risk is to understand a key business problem 
and the key business opportunity. The risk analysis approach 
can be applied on a continuing basis to each capital alternative as 
u comes up for consideration and progresses toward fruition 
Gradual progress toward reducing the uncertainty of estimates may 

eiefore be expected as experience is gained in a given project or 
set of projects. r J 

There is no doubt that courage to act boldly in the face of ap¬ 
parent uncertainty can be greatly bolstered by the clear portrayal 
o the risks and possible rewards. To achieve this security requires 
on y a s ight effort beyond what most companies already exert in 
studying capital investments. 
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REMAINING INVESTMENT 
PLANNING PROBLEMS 

Risk analysis of investment alternatives cannot solve bioad 
company investment policy problems. The remaining proems 
What cutoff rates should be used to optimize overall re- 
t„rn,; and how specific projects should be selected-are serious, as 
shown in the following testimony: 

. The president of a big international corporation told the 
writer “I can't understand why our investment policy hasn t 
worked the way we expected.” Some years ago, the president 
explained, the executive committee had decided that^every 
capital investment must meet the test of an estimate e ° 
tax average annual return on capital of 20 percent. te ru 
had been scrupulously followed, yet actual results had aver¬ 
aged 14 percent. “And we’ve got some of the best analysts in 
the business," added the frustrated president. 

. In another large and sophisticated company engaged in diver¬ 
sified manufacturing operations, barely half of the new in¬ 
vestments made over the past ten years are now expected 
reach break-even-and less than half of these will reach or 
exceed their predicted return on investment. On the other 
hand, returns of some of the winners will be much larger than 

anticipated. 

. The executive committee of a major chemical company is fac¬ 
ing a real dilemma. The committee currently requires eac 
proposed capital project to show an expected return of at leas 
12 percent after taxes (16 percent for high-risk investments . 
Applying this policy, the executive committee has not turned 
down a single capital investment proposal m the past two 
years. Results from recent investments, however, have been 
alarmingly uneven. To provide a better screen for future pro¬ 
posals and, hopefully, to improve investment results, a new 
policy requiring a three-year payback period plus a dis^ 
counted cash flow return of 8 percent has been recommended 
. _ _mittPP Thf>v do not know what to do. 
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However, management science methods, using systematic analy- 
and computer simulation of the investment process, will help 
most compames to choose the policies and plans that are most 

manL t0 objectiv “- Specifically, these methods allow 

management to answer the following questions confidently: 

no" . 1St ° UcaIly ’ has our investment policy given us the highest 

dpLT fmm ” r •<* ^ - 

cisions> Is rh^ 1 mkhaVe We been acce P tl ng in our investment de- 
cisions? Is this consistent with the risks top management really 
wants to accept? 8 'eauy 

- Have we been using the best criteria for investment selection 
considering long-term corporate objectives? Have we been taking 
adequate account of uncertainty? ^ 

And, finally, the key question: 

. Given the investment alternatives that are available to us and 

e ris s we are willing to accept, what investment policy will max- 

m-e the earmngs-per-share performance of our investments over 
the long run? 


RISK and the future 

As has already been illustrated, uncertainty creates risk. The exact 
course of future events is unknown when investment choices are 
■ et risk analysis can show management the “betting odds” 

°ha^m Ure n R ‘ Sk Pr ° fiIeS Ca " b£ devel °P ed for criterion 
hat management may wish to use. For example, Figure 6-1 shows 

die payback, average ROI (return on investment), and discounted 
KOI profiles of a hypothetical investment. 

Of two investments, one is clearly the better if ,t offers a greater 
pro a i ity o achieving any given level of return. In this situa- 
ton, risk analysis permits management to distinguish without 
question the more from the less desirable investments. In Figure 6- 

B m aIl X v 7 T eStme,K A is dcarly a better bet than investment 
B at all values of return; that is, it dominates investment B 

“ Ut .r lnV T ment ahernadve is always dominant. Con¬ 
sider the case of investments X and Y in the same exhibit Here 

investment X is more likely than investment Y to attain a 10 per¬ 
cent return on investment but less likely to bring in a 40 percent 
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return. In the numerous cases of this kind, the question of which 
investment to select, or even of how to go about establishing a 
policy to guide the choice, has hitherto gone unanswered. 

To be sure, in using risk profiles management avails itself of all 
the quantitative information that can be put together on the in¬ 
vestment possibilities. And more information in the hands of 
management should mean better decisions. Yet the question of 
how to put this information to effective use remains. Before it can 
be answered, the nature and function of an investment policy must 
be understood. 


THE FUNCTION OF AN 
INVESTMENT POLICY 

Maintaining the earning power of assets on a satisfactory level 
keeping them competitive by investing in established businesses, 
making them increase by investing in new^ businesses is the task 
to which management applies an investment policy and a long- 
range plan. 

Any investment policy, if it is to guide management's choices 
among available investment alternatives, must embody two com¬ 
ponents: (1) one or more criteria by which to measure the relative 
economic attributes of investment alternatives; and (2) decision 
ru l es _which may or may not make use of risk analysis or other¬ 

wise seek to take uncertainty into account for selecting ac¬ 
ceptable” investments. 

The criteria have been the subject of much analysis and discus¬ 
sion. They include the payback period, which is simply the num¬ 
ber of years required for the investment to return its costs; average 
annual percent return on average funds employed; net present 
value measures; and internal rates of return, calculated on a dis¬ 
counted cash How basis. On the other hand, the rules for making 
choices, particularly under uncertainty, have been largely un¬ 
formulated. Of course, no preestablished policy can take into ac¬ 
count all the considerations—human, organizational, stiategic, 
and financial—that typically enter into a major capital invest¬ 
ment decision. On the other hand, there are specific elements of 
financial policy that do lend themselves to rigorous formulation. 

A consistent and adequate investment policy has a double func- 
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tion. In the short run, it should indicate which investments should 
be chosen to achieve the financial objectives of the corporation. In 
the long run, it should serve as a basis for identifying or developing 
investment alternatives that are likely to match the policies se¬ 
lected. In other words, it serves as a basis both for (1) acting on and 
(2) communicating about investment alternatives. 

In the first instance, an investment policy may be regarded as a 
screen that will “pass” certain investment proposals and reject 
others. What the screen passes and rejects depends on manage¬ 
ment s knowing or unknowing choice. It will pass the investment 
proposals that management finds acceptable; these proposals will 
form management’s “investment potential set.” Risks (whether 
calculated or not) attach to all investments, and the profiles of 
these risks vary with the criteria chosen to measure their attrac¬ 
tiveness even though the different profiles are based upon the same 
estimates of underlying real-world phenomena. It then becomes 
clear that a policy with a “determinate,” or single-point-based, 
decision-rule component 1 is a very coarse screen indeed, if it can be 
called a screen at all. In any case, as many companies have found, 
such a determinate policy is ineffective. It will not help manage¬ 
ment to make the best use of its investment funds, no matter what 
the company’s financial objectives may be. 

Risk-based policies, on the other hand, may specify how man¬ 
agement would prefer to trade off the chances of low return against 
the chances of high return. For example, would it prefer a virtual 
certainty of no loss coupled with a virtual ceiling on gains over 20 
percent after taxes—or would it accept a l-in-10 chance of sig¬ 
nificant loss for the sake of a l-in-10 chance of very high gain? 

A specific policy may be defined by the criteria to be used and 
the rules to be followed in screening investments (in this case, in 
terms of their risk profiles—as in the following example): 

1. Criterion to be used as a measure of investment worth 

—Before-tax return on investment, on a discounted cash 
flow basis 

2. Rules to be used to screen investments based on risk profiles 
of proposed projects 

—Accept proposals that have: 

1 For example, “Accept all investment proposals that show a projected return 
of more than 12 percent on the investment after taxes.” 
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i) Expected value (average of all out- 10% 

comes) (minimum) 

ii) One out of ten chances that the ROI 

will exceed 25% 

iii) Nine out of ten chances that the ROI 

will exceed 0% 


These rules, which make explicit management’s entrepreneurial 
or risk-taking attitudes, do allow consistent investment choices. 
The methods described here assume that uncertainty (i.e., the 
spread of distribution of potential returns around the “expected 
value,” or average of all outcomes) is a useful measure of risk. Gen¬ 
erally, the greater the margin by which the return could exceed the 
“expected value,” the greater the margin by which it could fall 
short—and lucky indeed is the company to which this principle 
does not apply l 

In addition, an investment policy can be a powerful communi¬ 
cations tool, enabling top management to make known in advance 
to those responsible for developing investment proposals what sort 
of projects the company seeks. The object is to control the selection 
and development of alternatives so that they reflect the gains the 
company wants to make and the risks it is willing to undergo to 
achieve them. 

In theory, of course, this function could be served by policy 
statements such as: “All investments must have an estimated aver¬ 
age return on capital employed of 12 percent or more after taxes. 
But, in practical terms, the complexity of most present-day invest¬ 
ment projects and the multitude of future variables to which they 
are subject rob such statements of most of their usefulness. This is 
why top managment today, confronted with requests for capital, so 
often finds that the only significant response it can make is to ap¬ 
prove the results of all the analysis that has previously taken place 
at divisional and staff levels. 

With a risk-based policy using one or more criteria and rules 
such as those in the preceding example, management still has no 
guarantee that all or any of the available investments will pass 
through the screen. It does, however, have a better, more specific 
means for discriminating among proposed investments. It also has 
a tool for testing its own procedures for developing investment 
proposals and for checking alternative plans for the future. To 
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analyze its future investments in its established lines of business, as 
well as requests for capital in new businesses, a company can esti¬ 
mate the uncertainty profiles for revenues, costs, and capital re¬ 
quirements of these investments and can determine what changes 
in the selected mix would be indicated by different policy choices. 

This analysis, however, still will not indicate what is the best 
overall investment policy; i.e., what impact the choice of a particu¬ 
lar criterion such as net present value, payback, or return on in¬ 
vestment will have on the likely outcome of specific real-worltl 
variables such as costs and revenues, 2 or what differences there are 
(again, in terms of real-world financial results) between high-risk 
and low-risk screens. 


THE CONCEPT OF EFFICIENCY 

Most managements would like to have investment policies that 
maximize financial results over the long run while minimizing un¬ 
certainty or risk. Seeking additional returns, however, normally 
entails accepting additional uncertainty—i.e., risk. If two policies 
produce the same average result (e.g., the same average earnings 
per share over a five-year period), the one that involves less varia¬ 
bility (or uncertainty as to the outcome) for the same yield is a 
more desirable or “efficient” policy. Conversely, of two policies en¬ 
tailing the same variability, the one producing the higher ex¬ 
pected return (“expected” meaning the average of all outcomes) is 
obviously the better policy. “Variability” is best measured by the 
spread of values within which the probable results are likely to 
fall. Thus, the spread or variability of a risk profile can be mea¬ 
sured by the size of the standard deviation. 3 

When the financial results of investments selected on the basis of 
a particular policy are simulated, the expected return along with 
the standard deviation of the financial results obtained with that 

2 Note that the criteria of attractiveness are mathematically derived in fairly 
complicated ways from real-world events such as sales, price changes, and 
equipment installations. Since the uncertainty profiles of the events must be 
used to determine the final “risk profile'’ of the criterion, simulation methods 
are required. 

3 This statistical measure represents the spread around the expected value of 
the criterion containing approximately two-thirds of all probable outcomes. 
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policy will indicate the "efficiency” of the investment project set 
selected under that policy. 

The expected return and the standard deviation can be plotted 
on a graph to show the effectiveness of any policy, and a line can 
then be drawn through the points of greatest yield for a given stan¬ 
dard deviation. This line may be called the efficiency frontier, be¬ 
cause it represents the best return on investment that management 
can get at a given degree of risk. 

Figure 6-3 illustrates how r the average returns (in this case, earn¬ 
ings per share) are plotted against the standard deviation of these 
earnings to give an efficiency frontier. Each point on the graph 
represents the financial results to be expected from a combination 
of investments selected by passing the same group of investment 
proposals through the screen of a particular investment policy. 
(These results were obtained by simulating fifteen years of the op¬ 
eration of a company using this policy.) 

Policies A, B, and C lie on the efficiency frontier because each 
produces the maximum earnings per share for a given degree of 
risk. Policies D, E, and F do not lie on the frontier because none of 
them produces, for a given standard deviation, as much earnings as 
management could obtain by using a different policy. Policy F, for 
example, is better than E because it earns $4.00 w T hile E earns $2.95 
for the same risk (15 percent standard deviation), but it is worse 
than A, which produces earnings of $6.50 at a standard deviation 
of 16 percent. An efficient policy at 15 percent standard deviation 
could produce average earnings of approximately $6.25 per share. 
(Specific policies can be developed to fill in the entire efficiency 
frontier curve.) 

Granting that the objective of an investment policy is to max¬ 
imize average long-term earnings or yield for a given variation of 
those earnings or of that yield, there is no reason why a manage¬ 
ment that has calculated its own efficiency frontier should use 
policies other than those on that frontier. Other policies would en¬ 
tail more uncertain investment results, and/or lower expected re¬ 
turns, than the company need accept. A management that wants to 
invest rationally—i.e., wants to optimize results—has every rea¬ 
son, therefore, to locate its efficiency frontier, the point on that 
frontier at which it wishes to operate and then continually strive to 
improve it. 
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PROBABILISTIC LONG-RANGE 
PLANNING 

How practicable is the concept of “efficient” investment sets (on 
the efficiency frontier) and how “effective” will the investment 
policies be that choose such sets? In terms of actual investment re¬ 
sults, what light does the efficient investment set concept throw on 
the choice of particular investment criteria such as payback period 
or average annual return? To help answer these questions, some 
companies are using computer models that make it possible to 
simulate the effects that various policies would have, over a period 
of years, on the company s financial results. 

In the simulation model, generally acceptable accounting pro¬ 
cedures are used to determine financial results. Straight-line de¬ 
preciation or other appropriate depreciation methods may be 
used, and dividend policies may be tested, along with whatever 
debt is considered appropriate in the particular year. 

In one such model, used to test various investment policies, three 
sets of thirty-seven hypothetical investments were used as inputs. 
Each of these hypothetical investments, in turn, was characterized 
by a particular set of uncertainty profiles for the three key variables 
for each year of the particular investment: sales, costs, and invest- 
ment requirements. 

The computer simulation then involved seven steps: 

1. Choosing an investment policy for test by: 

a. Selecting a financial criterion (or criteria). 

b. Establishing decision rules. Except m the case of single¬ 
point estimates, these rules specified criterion values at 
the 10 percent and 90 percent probability points on the 
criterion risk profile, as well as a minimum average 
value (see, for example, policy described on pages 
93-94). 

2. Developing risk profiles for each investment from the uncer¬ 
tainty profiles of key variables for each investment given m the 
available investment set. 

3. Screening investments against policy and accepting all those 
that pass the screen, observing realistic constraints on the size and 
number of investments to be made in a given year. 
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4. Simulating the financial performance of the chosen invest¬ 
ments over a fifteen-year period: randomly selecting the operating 
results for each year from the individual uncertainty profiles for 
the investment project, in order to obtain one set of operating re- 
suits of that investment for each year. 

5. Combining the various revenues, costs, and investment re¬ 
quirements for each of the years, and then computing the yearly 
financial results for this investment “set.” 

6. Repeating the entire process until a stable distribution of the 
financial results for the policy chosen and the investments avail¬ 
able had been built up. Determining the average or expected 
value and the standard deviation of the key financial results. 

7. Repeating the first six steps for other policies and other sets of 
investment alternatives. 

For each of the three investment sets, investment policies em 
bodying conservative, medium-risk, and high-risk screens for vari¬ 
ous criteria 4 were tested. The conservative policies required a very 
high probability of no loss along with moderate expectations, 
while the high-risk policies accepted significant chances of loss but 
required good chances of high gains. Single-point determinate 
policies were also included in the tests. The investments available 
tvere varied and realistic, ranging from short-term to long-term 
payouts, with cash investment requirements sometimes extending 
into later years. The simulation was repeated 500 times for each 
policy and for each set of investments, and the financial results 
were calculated for each year of a fifteen-year period. The average 
and the standard deviation of each financial result were deter¬ 
mined for each year and for the combination of the last five years of 
the runs. The results of all the runs support at least four general 

mrirlnqinnc- & 


1. There is a wide gap in financial performance between some 
commonly used investment policies and policies that lie on the 
“efficiency frontier.” 


2. Risk-based policies consistently give better results than those 
using single-point, determinate decision rules. Using determinate 
decision rules, one cannot compensate for high risk by raising the 
level-of-return hurdle; single-point estimate screens produce, at 


* Payback, average annual proceeds as a percentage of the 
counted return on investment, net present value. 


investment, dis- 
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best, half the return for a given degree of risk, no matter how the 
required return level is raised or lowered. 

3. Long-term financial results are highly dependent on the risk 
accepted for a given return, or of return achieved for a given degree 
of risk. Thus, on the efficiency frontier, to get a long-term average 
return of $6 per share management would have to accept fluctua¬ 
tions on the order of plus or minus 45 percent in two years out of 
three, whereas it could get only $3.75 if it decided to accept a prob¬ 
able fluctuation no greater than 10 percent. 

4. Some investment criteria are empirically better than others. 
Whenever growth is a goal, i.e., whenever results are measured on 
an earnings-per-share basis, net present value (NPV) and dis¬ 
counted internal rate of return (ROI-dcf)—both based on 
discounting future returns 5 —are superior to criteria, such as 
average annual return, that do not take the time value of money 
into account. At 25 percent annual standard deviation, for exam¬ 
ple (i.e., accepting a l-in-3 chance that the results will fall outside 
plus or minus 25 percent of the expected values in any given year), 
the discounting criterion gives expected earnings per share of $5.50 
while the nondiscountecl criterion gives $4.10! Moreover, payback 
period—still an extremely popular criterion—turns out to be an 
extremely crude, inconsistent, and inefficient yardstick from the 
standpoint of actual financial results. All the investments selected 
with payback criteria showed higher variances and lower returns 

than the others. . . 

A more general conclusion to be drawn from this simulation 

model is that management can profitably use the same approach to 
evaluate all its plans, determine its efficiency frontier, and con¬ 
sciously select efficient investment policies that more accurately re¬ 
flect its risk preference. 

Note that the results for analyzing probable fluctuations in 
earnings ($3.40 per share) shown in Figure 6-4 are charted m terms 
of standard deviation; i.e., the vertical coordinate of any point on 


5 Policies that produce equivalent financial results for net present value 
(NPV) and the discounted internal rate of return (ROI-dcf) can be developed. 
In other words, it is possible to assign specific values to (1) the iscount ra e, 
and (2) the probability that the net present value of the cash flow stream wi 
be a given ratio of the net present value of the investment, so as to ob am an 
NPV screen for investments exactly equivalent to specific risk-based values of 
the ROI-dcf criterion. 
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the chart represents the range of variation in results that may be 
expected approximately two-thirds of the time from a particular 
policy (plus or minus $0.75). If management is unwilling to accept 
1 chance in 6 of results falling below the lower value of this range 
($2.65), it may have to accept a lower average return than the $3.40 
per share earnings indicated. In fact, since the variation or distri¬ 
bution of values around this average is “normal 6 (being the 
arithmetic sum of all the various “non-normal distributions that 
are involved in doing business), each point on the earnings average 
versus standard deviation graph can be analyzed to determine the 
likelihood of a specific fluctuation of earnings in a specific year. 
Clearly, the job of a growth-minded, forward-looking management 
is to keep the earnings up while pushing the standard deviations 
down. 7 

If a company pushes for higher stable earnings, it must con¬ 
stantly examine its investment of assets in current going businesses 
and its available choices for investing in new projects. But, as 
noted, unless each project is examined to determine how sure 
management’s projected earnings are likely to be, the decision¬ 
making process is severely handicapped. Continuing investments 
in old assets are, of course, subject to the same vicissitudes and 
should be similarly examined. 

Hcnvever, the examination of each individual project does not 
in itself assure that risks will be kept under control while earnings 
are pushed up. The corporate model discussed previously permits 
the combination of investments to show their profit and loss and 
balance sheet consequences. How can this model be used for long- 
range planning to attain specific corporate goals? 

It is both theoretically and empirically true that if we combine 
two unrelated or independent risky bets, the variability of the joint 

6 The statisticians’ gaussian distribution or the so-called “bell-shaped 
curve. 

7 Note that this is very closely related to investment portfolio management. 
The same choices between earnings, growth, and stability must be made. H. M. 
Markowitz pioneered in discussing the portfolio problem in Portfolio Selection 
(John Wiley & Sons, Inc., New York, 1959). Considerable work has been done 
since, including that of F. S. Hillier, “The Evaluation of Risky Interrelated 
Investments,” Technical Report No. 73, Department of Statistics, Stanford 
University, July, 1964. And more recently, Kalman J. Cohen and Edwin J. 
Elton in “Inter-Temporal Portfolio Analysis Based on Simulation of Joint Re¬ 
turns” in Management Science, vol. 14, no. 1, September, 1967, have developed 
a model similar in nature and function to that described here. 
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end result is greater than the variability of either alone. And, of 
course, this makes sense—as the usual odds on the daily double at 
a racetrack illustrate. If there were not something else involved, 
this principle could mean that all of management’s planning 
would be useless: as executives approved more and more invest¬ 
ments, up would go the risks. There are two other things that pre¬ 
vent this from happening. Both are well known to management, 
and both can be incorporated into the corporate planning model, 
which can then be used to strengthen the future position of the 
company. 

These two “variability control” factors rely on the fact that capi¬ 
tal investments are not mutually independent. They either (1) de¬ 
pend on the same economic factors to move in the same or opposite 
directions (cyclical or countercyclical investments) or (2) affect one 
another directly (positive or negative synergy). 

The corporate planning model can take both of these factors 
into account. One direct way, diagramed in Figure 6-5, is to 
analyze a company as a series of going businesses and project for 
each its uncertainty profiles of costs, revenues, and investment re¬ 
quirements for several years ahead—a decade, say. Uncertainty 
profiles can also be projected for the major alternative new streams 
of businesses. These should all be connected to appropriate overall 
projections (also on a probabilistic basis) of measures of the busi¬ 
ness cycle (GNP, carloadings, or other), some to shift upward, 
some downward, depending on what is called for. And the model 
provides for “synergistic” connections between specific businesses 
or new endeavors. For example, it would determine the profitabil¬ 
ity of using an existing sales force if a new product line were added 
to a present business segment, or the value of using an existing 
production facility to carry out some part of a manufacturing 
process in a newly added business. 

Using this model, management can examine alternative plan¬ 
ning decisions at any point in time and choose those that will most 
probably provide the desired earnings stream with an acceptable 
degree of risk or variability. 


CONCLUSION 

Computer simulation thus offers corporate management, for the 
first time, a tool that will enable it to examine the consequences of 
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various investment policies and plans. As the research reported 

plication 5 f Wn ’ the USC ° f 3 COrp0rate Planning model and the ap- 
pi catton of management science methods to investment choices in- 
volve four requirements: 

1. The determination of risk profiles for all investments-and 

present businesses 

2. The use of a discounting measure for the merit of an invest¬ 
ment proposal (either discounted internal rate of return or an 
equivalent net present value) 

s. The establishment of alternative screening rules for invest- 
ment proposals 

4. The determination of risk boundaries for the alternative 
policies and the alternative combinations of investments 
A company should be able to determine the level of investment 
in each class of businesses and proposed projects that will combine 
with investment levels and risks in other classes to maximize the 
company s chances of achieving long-range corporate growth 
goa s. it l t e aid of simulation, the company can establish ceil¬ 
ings and targets ,n the various investment classes and can describe 
in detail the screens or policies to be used to make choices in each 
them. This will enable managers and staff personnel to under¬ 
stand management’s objectives and to develop more appropriate 
and promising investment alternatives. 

Using the same approach, executives can now examine in 
detail the kinds of investment opportunities generated by various 
segments of their businesses and select investment policies that will 
give them firmer control over their long-term growth. Top execu¬ 
tives can analyze their own prejudices and test out the projected 
e fects of inconsistent and irrational choices on their companies’ 
long-term financial results. In short, top management can get back 
in the driver's seat and take charge of the most important element 
o t le corporate future: effective investment for growth. 





CHAPTER 


Production-Distribution 
Marketing Analysis 


As we have seen, a major capital investment usually 
implies an interlocking, uncertain structure of ^ = esa»d 

costs Analysis of companies' production-d.str.but.on-marketing 

“ vitis m terms of interlocking systems has become a powerfu 
competitive tool that is increasingly used by management to make 
27e that risks and returns remain as fully under control as possi- 
ble Application of management science methods in this operating 
a ea Jv company executives increasing control over operating 
ivfand strategies much as risk analysis gives management 
more control over the choice of investment projects and long-range 
plans Analytical models of the total system for production, dis r. 
Cn anJ marketing serve to improve the 
agement makes to develop new markets and to me 
tition, growing product-line complexity, and rising costs, short, 
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models help management to meet the chief challenges of today’s 
last-changing business environment. 

A major advantage of systems analysis is that it enables manage¬ 
ment to better predict the effects of proposed actions throughout 
the interrelated parts of the company, and to do so without having 
to undetgo the risks of actually taking these actions. Combinations 
ot proposed improvements can also be tried and their potential re¬ 
sults evaluated. Further refinements and alternatives can be tested 
after actton has been taken. The potential impact of competitors’ 
current or future market actions can likewise be used as input 
varta es in an analytical model, and countermeasures can be de¬ 
veloped, tested, and retested. The opportunities thus opened for 

managers are obviously limited only by the individual’s needs and 
imagination. 


EXAMPLES OF PROGRESS 

Many companies have been using advanced management science 
models to deal with certain aspects of their operating problems. In 
logistics, for example, a number of companies have introduced sys¬ 
tems to control field inventory, while others have developed 
models for improved production scheduling and control. Where 
companies have combined these systems well, effective total inven¬ 
tory control has been possible. But many companies have not yet 
completed this integration step. 

As a further example, in distribution, companies have devel¬ 
oped models to determine the optimum pattern of warehouses. 
This usually means establishing the optimum number and best lo¬ 
cation of distribution outlets to provide a selected level of customer 
service at minimum distribution and warehousing costs. Many 
successful models and algorithms have been used to improve the 
geogiaphic patterns of warehouse location. 

In purchasing, manufacturers have developed comprehensive 
ordering programs that continually project the needs for parts, 
update safety-stock requirements, and prepare detailed supply 
orders As a requirement arises, a release is sent to a vendor identi¬ 
fying the quantity to be shipped; one truck and automobile manu¬ 
facturer also includes the date that the parts should arrive at the 
factory. By specifying both quantity and date of delivery, the 
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manufacturer has maintained a flow of parts (which m this case is 
worth close to $1 million per day) to meet production require¬ 
ments and, at the same time, has reduced his own inventory levels. 

In effect, he is requiring the vendor to maintain an equitable in¬ 
ventory. Because trucks and automobiles have many parts, this 
program is lengthy and complex; in fact, it took three years to de¬ 
velop. However, other purchasing programs used by companies 
assembling less complicated products have produced similar bene¬ 
fits with commensurately less systems effort. 

Finally, automobile and aerospace companies are now using 
critical path methods to control the design and introduction of 
new models. Critical path methods were first introduced in 1957 
and used in the planning of military systems in the form of the 
PERT approach for the Navy’s Polaris Weapon Systems m 1958 
and have since been widely extended for use m business. These 
methods involve the detailed determination and controlled sched¬ 
uling (by start and finish dates) of all of the interrelated activities 
that must precede the completion of a total project. Any activity 
that would delay the final finish date is “on the critical path. 
Hence the name. 

Leading companies have put all these pieces together. In other 
words, although successful applications in the past have solved 
pieces of manufacturing and logistics problems, not many systems 
provided an overall management tool for planning and control¬ 
ling costs and performance. The best systems models today coordi¬ 
nate the functional areas of logistics, production, and marketing. 
The best models also integrate planning and control across time by 
including the analysis of past results, control of present actions, 
and inputs for planning future changes. 

For example, one leading company has designed an overall in- 
formation system that provides coordinated planning and control 
for production, distribution (logistics), and marketing. At the 
heart of the system are two logistics models. The first of these 
models provides a means for determining the optimum number 
and locations of the company’s warehouses. The second logistics 
model identifies the best mode for shipping directly from produc¬ 
tion to distribution outlets. In addition to these key models, an in¬ 
ventory replenishment procedure for warehouse stocks is included. 
The system also provides a production planning model, which is 
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combined with the output of the logistics models and the replen¬ 
ishment procedure to determine the best levels of inventories for 
the individual warehouses. The production planning model simu¬ 
lates the flow of items from the production lines to the major dis¬ 
tribution outlets and is used to determine (1) equipment sched¬ 
ules, (2) the best levels of manpower to provide a smooth operation 
preventing extreme hire and fire costs, and (3) the best pattern for 
seasonal inventory buildup to minimize costs of production and 
inventory. 

At the other end of the spectrum, the system includes marketing 
models that are related to the logistics models to determine the 
optimum warehouse sources for a given distribution of customers 
and to establish the best schedules for local customer delivery. The 
key link with marketing factors is delivery reliability and cycle of 
customer service against orders. 

Developing this integrated system of models and programming 
them for a computer was no small task for this company. To put it 
together, they first isolated the pieces, which in fact were begin¬ 
nings in logistics and production, and then found the best meth¬ 
ods, models, and procedures for tying them together. The end re¬ 
sult is a workable system that provides coordinated planning and 
control across the functional areas of production, logistics, and 
marketing. The detailed development of this model and its use of 
the linear programming algorithm will be described later in this 
chapter. But first, it may be useful to examine another kind of dis¬ 
tribution planning model that illustrates the broad scope of man¬ 
agement science application. 

A chemical company that operates an extensive railroad tank- 
car fleet designed a complete planning and control system for the 
rail distribution of its products. The system coordinates: the analy¬ 
sis of past results, day-to-day control of cars, and planning for 
changes in the total number and type of cars. This system has saved 
the company money directly, by enabling it to reduce its fleet of 
tank cars. In addition, however, the system has increased profits 
realized through marketing and production by improving cus¬ 
tomer service, either reducing intracompany deliveries or making 
them more efficient, and making tank cars available for holding 
inventory. 

Figure 7-1 shows schematically how the system operates. A pool 
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of available cars of each type is used for three purposes: to supply 

ship and l CUSto T IS ’ t0 m ° Ve Pr ° dUCtS bCtWeen P 13 ™’ a " d to 
5 xts load ? UCtS ^ Plam ' AftCr the Wnk ^ deliv- 
From 6 UmS t0 thC 3Vailable P° o1 of «rs in the factory. 

From time to time, new cars are added and excess cars are released 

In management science terms, this fleet operation can be repre^ 
sented as an example of the general “waiting line” or “service 
queue problem. A “watting lt„ e ” exists when els are avail b in 
the P ant; cars leave the line when they are ,n transit to cusmme" 
or wtthtn plants. The problem is to determine the minimum num- 

type ofTrod , 11 1 f ^ " the fl£et t0 mCet the P atterns for 
Isure 2 , CUSt omer livery requirement; that is, to 

sure that cars will always be available when needed. To provide 

1 7 , ““ Pa "’ d ' Vd ' ,p ' 11 ‘ nfo„„. 

system. Three components make up the system: one for pre¬ 
paring the car utilization reports, another for expediting both 
empty and full cars, and a third for fleet size planning 

thatt^e t " handIed ^ thC SySt6m b * Car reports 

that analyze transit times and identify the costs of serving custom 

eis. In addition, the component develops a tank-car distribution 

account monthly to provide the basis for allocating costs to profit 

centers. Furthermore, the reports show net sales (L 

7 r ° fi ! Customers ). and other reports provide product and vol 
■me analyses (used to identify opportunities to Luge the loca¬ 
tion of production and mode of shipment, and to retfuce freight 

To control present results, the railcar expediting system devel 
ops and posts daily shipment records taken from railroad report 
mgs of the actual locations of individual tank cars. This then per 
mis tracing and expediting of cars delayed in national transit and 
fol ow-up on cars held by customers for long periods. The success 

2 o7t°ank°c ° f , the SySt6m dependS ° n thg ^ ra0rOad 

,h 8 k u k 'ocation a function rapidly being improved 

Railroads of an all-mclus.ve information network. The major 
benefit of the expediting portion is that it allows management 
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The final element of the system is the key to significant profit 
improvement: it permits fleet-size planning and indicates when 
cars should be added or released. This fleet-sizing program carries 
out the following steps: 

■ Forecasts tank-car needs for shipment and storage 
. Translates forecasts into car requirements by type and size 

. Calculates safety stock , 

. Compares total forecast and safety stock requirements to the 

actual level on hand 

The decision rules for adding or releasing cars from the fleet 
were developed by simulation techniques similar to those use in 
risk analysis. In Figure 7-2, we see a typical result showing 
number of cars needed to meet a given performance level. 

For example, if certain requirements (for product, customers, 
etc) call for twenty cars on the average, the company wi nee 
thirty-two cars in total (twelve additional) in the fleet to meet a 
performance of 99 percent availability of cars when required, 
these same average requirements call for two cars the fleet must 
have three more cars (a total of five) to meet the 99 percent level. 

These examples illustrate how leading companies ate in mg 
their computer-based information systems to coordinated, 
company-wide systems in order to better operate their businesses. 
The comprehensive systems that result tave two imp 
tures They provide integration across functional lines, an y 
do a better job of integrating present status with future require¬ 
ments in the areas of planning and control. 


COMPLETE DEVELOPMENT OF A 
COORDINATED SYSTEM 

In the rest of this chapter, the development of a coordinated plan¬ 
ning and control system for production-distribution-marketi g 

functions from scratch (rather than by linking partial systems ah 
ready m existence) is described in detail. Many companies have 
not Jet built operating and control systems for these separate fu - 
tions and thus can now create a system to encompass the overall 
marketing, production, and distribution operations. 

The description should enable readers to visualize what a com- 
prehensive system analysis entails and to map out the major con- 
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siderations relating to the development of similar approaches. 
Understanding the underlying logic of systems analysis should 
prove helpful in improving decision-making procedures, even in 
companies where the approach is not directly used to develop a 
model. 

The application described covers the full-scale development of a 
production-distribution-marketing model for a typical large con¬ 
sumer goods company. The study leading to this model or coordi¬ 
nated system was intended to provide profitable answers to a set of 
specific questions; the model and its resulting information outputs 
are intended for continuing use by company management. 

OBJECTIVES OF THE SYSTEMS 
ANALYSIS 

The operating divisions of the company we shall be discussing 
serve approximately 7,000 customers and have annual sales of over 
$200 million. They manufacture several hundred products and 
distribute them through a system of multiple plants and ware¬ 
houses. 

The broad objective of the systems analysis was to assist man¬ 
agement in making the most profitable use of its resources— 
human and physical. The work was partly oriented toward devel¬ 
oping decisions for early profit improvement. The emphasis, how¬ 
ever, was placed on developing a continuing, systematic program 
for the identification and exploitation of new manufacturing, dis¬ 
tribution, and marketing profit opportunities. In particular, the 
results emphasized developing means for planning activities and 
making longer-term decisions under potential future conditions. 

Improvements in profits, through short-term improvements in 
manufacturing and distribution operations, realized substantial 
initial savings of several million dollars a year. Moreover, powerful 
new management tools to support further improvements over the 
long term were developed during the study. These tools, which in¬ 
tegrated technical management science methods with the com¬ 
pany’s basic information systems, included: 

1. A mathematical model of the company’s production- 
distribution-marketing system 

2. A file of operating and selling cost data 
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3. A demand data model characterizing customers, their de 
mands, and the individual selling divisions 

Assembling data needed for the models presented problems 
typical of such approaches. These problems, along with the com¬ 
plexity of the analytical tools, determined both the extent and im¬ 
portance of the necessary computer programming effort. 

The production-distribution system model is illustrated by a 
flow chart (Figure 7-3). Linear programming is used to determine 
the best allocation or assignment in each of its three stages: to es¬ 
tablish warehouse service areas for meeting customer demand in 
regional markets (Stage 1: the distribution stage); to set annual 
plant production assignments to meet warehouse needs (Stage 2: 
annual production assignment stage); and to specify monthly pro¬ 
duction plans (Stage 3). As the diagram indicates, each of the three 
linear programs operating upon the information inputs shown 
(e.g., freight and warehouse costs) produces an allocation or 
assignment result that is fed into the next stage, along with addi¬ 
tional costs and other information necessary to produce the next 
result. Because the result of each stage affects a cost that is used in 
the preceding stage, the model run is repeated using the newly de¬ 
termined costs from the following stage until an optimum equilib¬ 
rium condition among all three stages is reached. 1 

HOW THE WORK WAS DONE 

The first task in the study was to develop a work plan that carefully 
defined the study’s objectives, the problem areas to be covered, the 
methods and procedures to be followed, and the major questions to 
be answered. Refined and modified during the course of the work, 
the plan played a central role in bringing this long-term project to 
successful completion and in keeping all the project’s phases 
oriented toward the stated objectives. 

Because of the scope and duration of this analysis, its successful 
conclusion was significantly aided by the use of teams. An invalu¬ 
able secondary benefit of using the team approach was that it effec- 

1 Theoretically, with large enough computers, only one linear programming 
stage would be required. Because this was a full-scale, practical situation, the 
size (4,000 equations) was then too large for a single-stage linear program to be 
practical. Therefore, three stages were used. 
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lively trained key company executives to continue exploiting the 
type of management science tools used in the study. 

The basic study team was a Steering Committee, a group of vice- 
presidents whose close cooperation was important in the develop¬ 
ment of the study plan. In addition, this team was responsible for 
overall administration of the study and for review of recommenda¬ 
tions. The vice-president-controller was given the detailed re¬ 
sponsibilities of administering the work. 

Four working teams were organized under the vice-president- 
controller: 

1. A Managment Policies Team, which provided definitions of 
company policies and statements of proposed procedures. This 
group also helped develop and review the work plan. 

2. A Product Demand Team, whose main purpose was to re¬ 
view, analyze, and explain marketing operations and the interac¬ 
tion between company and customer. 

3. A Production and Distribution Team, which provided data 
on the production and distribution system, and reviewed and 
analyzed its operations. 

4. A Model-building Team, which had major responsibility for 
assembling data for the model of the system and helped develop 
the model. 

The work of these teams, especially the data assembly work, was 
supplemented by supporting staffs from time to time. Except for 
the Model-building Team, which worked full time throughout the 
study, the teams were involved only part time, working only dur¬ 
ing certain phases of data collection and report preparation or 
review. 

Full-time administration of the study was handled for the con¬ 
troller by a management science study manager. Because of the 
time and talents required, the computer programming was done 
by an outside programming organization. 

Linear programming’s role 

Linear programming (LP), as we have noted, can be viewed both 
as a model and algorithm for finding the most profitable combina¬ 
tions of activities to accomplish a desired end result. A brief review 
of LP will indicate how it played an essential role in this particular 
project and will also indicate that it has many other key applica- 
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tions. Indeed, LP is one of the pillars of management science, un¬ 
derlying much of today’s understanding of methods for improved 
decision making. 

In 1945, Dr. George Stigler, then an economics professor at Co¬ 
lumbia, wrote a pioneering article on LP entitled “The Cost of 
Subsistence.” His work illustrated the principles of LP, fore¬ 
shadowing it as a breakthrough in the application of science to 
management. Not long thereafter it was recognized as being ap¬ 
plicable to the complexities of production-marketing-distribution 
systems. 

Stigler was trying to find out which of seventy-seven foods 
would provide a satisfactory minimum balance of nine nutrients 
(calories, proteins, calcium, iron, vitamin A, thiamine, riboflavin, 
niacin, and ascorbic acid) at minimum cost. He wrote a series of 
straightforward equations (they would hold no terrors for a high 
school algebra student) stating exactly what conditions had to be 
met; how each possible ingredient of the diet contributed, per 
unit of weight, to those conditions; and what the cost of any ingre¬ 
dient was per unit of weight. 

By solving those equations, Stigler found that at 1944 prices the 
optimum diet (not considering variety or palatableness—which 
might, of course, be built into similar equations) would have con¬ 
sisted principally of whea,t, flour, cabbage, and hog liver, and for 
one person would have cost $59.88 for the year. 

The same kind of “linear programming” equations apply im¬ 
portantly to production and distribution problems in industry (as 
well as to many other kinds of management problems). For exam¬ 
ple, suppose that a company producing a range of products wants 
to optimize profits, using the equipment it has available. The 
problem posed for management is to determine which products 
and how much of each to produce in order to maximize the com¬ 
pany’s profits. 2 

If the costs of raw materials, the selling price, and the capacity 
required on each type of equipment are known for every product, a 
series of equations can be written describing the drain on the 

2 Existing practice in many cases is to produce those products with the high¬ 
est direct profit margin. Because of the interrelationship of available machine 
capacities with total profitability, it can be shown that, in general, this practice 
leads to profits lower than the maximum possible. 
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available equipment and the profit generated by each of the prod¬ 
ucts. These equations, along with others detailing the available 
capacity for each type of equipment, form the basis for an LP 
solution. 

In essence, the optimum solution is developed by determining 
through successive steps the net incomes yielded by each of the 
various products as they are added to or subtracted from the com¬ 
bination without violating the restraints of capacity. Then the 
mathematical rules of LP are applied in repeated cycles to find in¬ 
creasingly profitable combinations of products to put through the 
system. Because of the rigorous mathematical algorithm, 3 each 
cycle gives a better profitability result, and the last cycle identifies 
the combination making the maximum possible contribution to 
profits. The yields of any other combinations can then be precisely 
compared with the optimum one and with one another. Further, 
the values of relieving the restraints on productive capacity are in¬ 
dicated directly by the solution. 

Linear programming analyses of this kind frequently take prices 
as constants and pursue the search for maximum profitability and 
relative profitabilities in terms of least-cost and lesser-cost combi¬ 
nations of production and distribution facilities. This was the case 
in the study described here as an example. The model and the pro¬ 
grams expressed the operating costs and capabilities of the entire 
production, distribution, and marketing system of the company’s 
operating divisions. One important objective of the study was to 
find the least-cost way of satisfying customer demand, considering 
the interactions of all the factors involved. 

In view of the size and complexity of the full-scale analysis, a 
simplified version, or prototype (used before the final program¬ 
ming of the model to test the model and to illustrate its use), is 
diagramed in Figure 7-4. This prototype, a small-scale version of 
the full model, incorporates special characteristics of the actual 
situation, such as warehouses—at plant locations and elsewhere 
—or specialized machines located only at certain plants. Note 
that the two plants manufacture on four types of machines and de¬ 
liver five products (one purchased) to three warehouses (which in 
turn deliver to ten market areas). This prototype is small enough 

3 The basic algorithm is the Simplex method, developed by George Dantzig in 
1949. 
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to allow quick and easy calculation of solutions in checking the 
validity of the mathematical formulation and the solution proce¬ 
dures. 

Examination of how the prototype worked will illustrate how 
linear programming can assist management in tackling similar 
problems. First consider Market Area 4 (Figure 7-4) and the 
model’s Stage 1 (the warehouse-to-customer distribution stage) 
analyses. Market Area 4 had the following monthly demand (in 
pounds) of different prototype company products. 

Monthly Product Demand in Market Area 4 

Monthly demand 
(pounds) 

68 
2,238 
8,280 
30,799 
2,545 
43,930 

A first cut (Stage 1 analysis) with the prototype took the average 
customer freight costs for shipping to Market Area 4 as: 5.70 cents 
per pound from Warehouse 1; 4.32 cents per pound from Ware¬ 
house 2; and 7.99 cents per pound from Warehouse 3. (In estab¬ 
lishing total customer freights costs, the full model considered the 
product class and weight for each shipment, rather than the aver¬ 
age freight rates used here.) With these average customer freight 
costs, the least expense for serving Market Area 4 would be realized 
by shipping from Warehouse 2: Warehouse 2’s total charge would 
be $1,893, versus $2,500 for Warehouse 1 and $3,500 for Warehouse 
3. 

Freight cost, however, was not the only factor to consider in de¬ 
fining the most economical service areas for each warehouse. 1 he 
monthly throughput capacity of each warehouse was also critical. 
Monthly assignments to each warehouse clearly must be no greater 
than the capacity of that warehouse to handle the goods. As a re¬ 
sult, assignments that might have been ideal for each market area 
individually might not have been feasible for the system as a 
whole. To determine a feasible least-cost delivery assignment 
schedule, management used an LP model to consider the interac- 


Product 

1 

2 
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tions among the market areas in their competing demands for the 
limited throughput capacity of each possible warehouse. The solu¬ 
tion that was reached when this approach was tested with the pro¬ 
totype model appears in Figure 7-4, which shows the optimum 
assignment of market areas to warehouse service areas. 

With the configuration of service areas determined in the proto¬ 
type test solution, the total annual cost of the system would be 
$180,363. As can be seen, this solution did result in the assignment 
of Market Area 4 to the territory of Warehouse 2, the warehouse 
from which freight costs were lowest for Market Area 4. However, 
market areas were not assigned to warehouse territories on the 
basis of freight costs alone; capacities of plants were also consid¬ 
ered. For example, Market Area 6 was assigned in the test solution 
to Warehouse 1, although the cheaper freight-cost assignment for 
Area 6 would have been to Warehouse 3. 

This part of the analysis illustrates a very important feature of 
LP models, namely, their ability to determine the cost impact of 
alternatives precisely and economically. For instance, further 
analysis with the prototype showed that the shift of Market Area 
6 to Warehouse 3 would additionally save annual distribution 
costs of $674 but at the expense of a required 2 percent increase in 
the throughput capacity of Warehouse 3. Or, for a different illus¬ 
tration, suppose that special regional sales considerations had 
indicated that Market Areas 2 and 4 should be assigned to Ware¬ 
house 1 rather than to Warehouse 2. The prototype linear 
program showed this switch to be feasible from the standpoint of 
throughput capacities but also showed that the shift would incur 
annual costs nearly $14,000 over those for the optimum solution. 
In consequence, management might reason that, if such a shift 
rvere made, the marketing advantage should generate savings or 
net revenues of at least $14,000 in return. 

Now, how can these systems models help management approach 
broader problems of marketing policy? For example, suppose a 
company wished to examine alternative policies on minimum 
order sizes. Minimum order size is certainly related to order fre¬ 
quency. Policies on minimum order sizes would consequently have 
an impact on costs such as customer freight, traffic services, ware¬ 
housing and shipping, and sales order services. If an analysis of the 
data files is used along with the distribution model, both the net 
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cost and the operating impact of alternative minimum-order-size 
policies can be evaluated, and the policy that would result in 
optimum profits can be determined. This evaluation of the cost 
and profit impact of each possible alternative policy and the deter¬ 
mination of the optimum-profit policy were carried out through 
linear programming. Among other policy areas analyzed were 
product manufacturing assignments, returned goods policies, and 
shipment pooling. Alternatives for each policy area were assessed 
in the light of data on production costs and capacities, and so on. 
Market characteristics, operations characteristics, and related 
variable costs are examples of the major types of data drawn on in 
the analyses. 

The linear programming analysis arrived at solutions to prob¬ 
lems within the total production-distribution-marketing systems 
that reflected all relevant costs on an integrated basis. It did so as 
follows, proceeding cyclically through the model’s three stages: 
first, distribution assignments of warehouses to customers (by 
monthly periods); second, annual assignments of shipments from 
plant to warehouse; and third, monthly production planning 
assignments for plants. For the analyses, the nationwide market 
was divided into 300 market areas, approximately uniform with 
respect to demographic features. Limitations that were taken into 
account included production-smoothing requirements (to realize 
stable employment levels), monthly machine-center capacities, and 
inventory carrying costs at the plant. Stage 3 determined the quan¬ 
tity of each product to be produced monthly at each plant, i.e., a 
complete monthly production plan. At this stage, the inventory 
costs for the selection-production schedule could be determined 
and fed back to Stage 1, to allow for rerunning the model on the 
computer until minimum cost equilibrium was reached. 


MAKING THE ANALYSIS PAY OFF 

The payoff of such a study comes when the initial results of the 
analyses can be applied fully and management can use its new 
tools on a continuing and profitable basis. There are four phases in 
all such undertakings. They constitute the preparation and im¬ 
plementation needed to apply management science methods 
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profitably in the analysis of production-distribution-marketing 
systems. Subsequent work may, of course, improve profits further 
and will demonstrate whether management has gained merely a 
set of valuable findings or has developed a w T hole new capability 
for increasing profits. 

In the first phase, an extremely important one, a study plan 
should be developed that tentatively specifies the most sensitive 
operating and marketing areas in the system. These areas should 
then be examined for possible immediate improvements. When, in 
a later phase, the various models have been developed, these areas 
should be analyzed in more depth to provide the necessary under¬ 
standing of the intricacies, complexities, and interactions of the 
system. 

In the second major phase, working teams should be set up and 
rough-cut analyses of selected policies and procedures should be 
made. In addition, the ultimate production and distribution 
model should be outlined. Finally, data requirements must be 
specified and a detailed data collection program initiated. 

In the third major phase, which may overlap much of the second 
phase, preparation for final analyses should be made. Perhaps a 
prototype model can now be developed and tested, using realistic 
data. This will make it possible to test the bases of a large model 
and to illustrate and explain the model to management before full- 
scale programming begins. Computer programs for assembly of 
the raw data, data analyses, and the final model should be com¬ 
pleted during this third phase. 

The fourth major phase involves actual performance of the 
analyses and development of recommendations. The recommen¬ 
dations should establish optimum assignments, policies, and pro¬ 
cedures for the areas selected for investigation. The final results are 
then worked out with management and an implementation pro¬ 
gram is developed. 

The details of these phases illustrate typical features of soundly 
conducted management science efforts. In the illustrative case, the 
rough-cut analyses of selected policies and procedures of the second 
phase, for example, eliminated lengthy later study by reaching the 
following conclusions: 

■ Changes in quantity-discount pricing do not have sufficient 
system-wide potential to warrant further consideration. 

■ Drop-shipment allowances should be left unchanged for the 
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time being because the net differential in cost is small between 
shipments to dealer stock and drop shipments—considering the 
attention the dealers give to the whole product line. 

■ Returned-goods policies should be revised; preliminary anal¬ 
ysis of them should suggest specific changes. 

■ Changing the amount of direct selling to small accounts could 
result in significant cost savings. 

■ Regulation of minimum order size could offer significant cost- 
savings because the then current policy framework permitted 
numerous exceptions, which indicated that it needed study. 

In the fourth and last phase, the full set of analytical tools and 
assembled data were applied to all the policy issues to be investi¬ 
gated. First, the data and findings developed in the previous 
phases were drawn on to identify the characteristics and operations 
associated with each policy. Then the full model was used to deter¬ 
mine the total cost under current and alternative policies for the 
policy issue being explored. The analysis for each policy issue 
began with the specification of optimum warehouse service area 
and optimum production assignments. Evaluation of the particu¬ 
lar policy issue thus reflected the characteristics of that issue alone, 
without taking into account the economics of changed service area 
and production assignments. This gave management a basis for 
evaluating the incremental profitability of alternative policies. 

For example, the model determined the annual system-wide sav¬ 
ing that would result from the setting of minimum order sizes by 
various proposed new policies (e.g., there would be savings of 
about $176,000 with a minimum order size equivalent to 100 
pounds). 

Other policies that were examined included: 

■ Realignment of warehouse service area and production 
assignments 

■ Institution of quantity discount pricing for truckload orders 

■ Change in drop-shipment allowances 

■ Restriction of acceptance of returned goods 

■ Reduction in the amount of direct selling to small accounts 

■ Reduction in special handling of back orders 

■ Restriction of the frequency of shipping to single customers 

■ Refusal to accept split-case orders * 

■ Decrease of the volume of less-than-truckload shipments 
through pooling 
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u Liberalization of the plant-to-warehouse assignment re¬ 
strictions 

Thus, these linear programming and data analysis models en¬ 
able management to constantly examine its policies and decisions 
in terms of the total production-distribution system. The outputs 
of the models also provide a basis for understanding many aspects 
of the business that previously had been difficult to evaluate. For 
example, in order to be able to service less profitable ship-to loca¬ 
tions through such channels as wholesalers rather than by direct 
selling, the company wanted to determine the profitability of the 
6,800 ship-to locations that realized less than $2,000 in annual 
sales. Accordingly, the company devised a means for determining 
the profitability of any specified account, evaluating that profit¬ 
ability against some standard, determining the causes of diver¬ 
gence, and adopting an appropriate plan of action. The cost infor¬ 
mation was obtained directly from the data and analyses generated 
by the linear programming. Such data provide management with 
information of a kind and quality not previously available. 

As we saw in Chapter 1, linear programming is extremely versa¬ 
tile in determining least-cost, maxi mum-profit solutions to re¬ 
source allocation problems of many kinds. This example suggests 
the power, range, and flexibility of the LP technique in individual 
applications. Executives need to understand when and how LP 
can be used to advantage and what kinds of valuable results it can 
produce. Linear programming can be applied to any allocation 
problem in which costs and returns vary in at least an approxi¬ 
mately linear manner; that is, in proportion to such elements as 
quantities, distances, or times. This is essentially the case in a great 
many business operations. 4 


MAKING PROFITABLE USE OF LP 

The effective and profitable use of LP depends largely upon data 
collection and computer programming. Guidelines for carrying 
out these tasks include the following: 

4 Many nonlinear situations can be structured as LPs. Unsophisticated LP 
applications, which do not take into account complex business considerations, 
will yield only the optimum solution and eliminate all near optimum solutions 
unless special care is taken to retrieve them. However, this need not seriously 
concern an executive if he is working with capable management science 
specialists. 


Production—Distribution—Marketing Analysis 127 

Specify the data system early in an analysis. For example, in the 
illustrative case, a key factor was the ability to make marketing and 
distribution decisions responsive to detailed variation in customer 
requirements from area to area throughout the country. 5 In addi¬ 
tion, the area selected at the outset for detailed analysis required 
comprehensive data on customer demands and transactions. Thus, 
a “complete enumeration” philosophy was adopted; i.e., the data 
system was designed to represent the actual marketing operation, 
to characterize the individual selling divisions, and to provide the 
data required for each sale as precisely as possible. In addition, 
however, it was designed from the beginning to promote analytical 
flexibility; because it was intended to be a process for long-term 
continuing application, the uses of the data were expected to 
grow. 

Under the complete-enumeration philosophy, the file of de¬ 
mand data was made compatible with the company’s sales statistics 
program; in this way wasteful duplication of basic data was 
avoided. 

Look for possible problem areas and roadblocks from the begin¬ 
ning. For example, the production-distribution-marketing model 
used in this analysis required detailed specification of customer ac¬ 
tivity by region. This entailed two significant problems: first, 
designating invoice ship-to versus bill-to locations; second, deter¬ 
mining shipment freight charges. Detailed matching of freight 
bills with invoices was not feasible, so a freight-costing model was 
developed to generate the freight charges applicable to each ship¬ 
ment. If such problems are identified early, it is possible to organize 
immediately for the data collection and programming operations 
that will be necessary to solve them. Where such data are of contin¬ 
uing use and require updating, provision should be made for gen¬ 
erating them as part of regular accounting procedures in the future. 

Segment the data files and programs so they can be revised easily 
and used selectively. For example, different data may be needed for 
a production-distribution-marketing model, for studies of policies 
and procedures, for characterization of the selling divisions, and 
for development of sales statistics. Because such analyses place 
varied demands on files and programs, it may be necessary to main- 

5 For analytical purposes, it will be recalled, the country had been divided 
into 300 market areas, ranging from major metropolitan centers to rural 
regions. 
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tain generalized files. For this company, generalized files consisted 
of a detailed record of invoice and shipment statistics. (The overall 
plan should take into account the fact that in every special and 
future project some additional programming must be done to get 
the data in the detailed form required.) 

Segment the computer programming. For production-distribu¬ 
tion-marketing models, the individual computer programs are 
usually significantly interrelated. Even so, it is not necessary to 
prepare these individual programs sequentially. When a number 
of such programs are to be created, the overall time requirements 
can be reduced by planning them like a large-scale project—i.e., 
breaking it up into segments, without losing sight of construction 
areas of interdependence. With input and output formats for 
major program segments specified at an early stage, the program¬ 
ming work can be allocated among a number of programmers. Of 
course, it will be necessary for the technical specialists on the 
project to review the individual programs and arbitrate any issues 
that may arise. 


REALIZING THE PAYOUT 

Finally, here are a few general guides to ensuring full payout 
from the use of management science tools in production-distribu¬ 
tion-marketing problems. 

First, the comprehensive model should not demand a level of de¬ 
tail in the input that would make adequate forecasting impossible. 

Second, it is important to identify tasks and responsibilities and 
set up timetables. In the illustrative study, formal provision was 
made for twice-a-month automatic review by the Steering Commit¬ 
tee of the status of all projects. These reviews kept the committee 
aware of progress; through the reviews, new timetables were devel¬ 
oped at adequate levels of authority, and authorization was ob¬ 
tained as warranted for additional personnel or other variations 
from the original plans. 

Third, it is important to be alert to new opportunities for apply¬ 
ing the models being developed. Nothing ensures continued inter¬ 
est and use of the basic models developed in a management science 
effort more than the successful development of applications to cur¬ 
rent problems of management concern. To ensure that new appli- 


Production-Distribution-Marketing Analysis 129 

cations of the models will be identified, management must learn 
what the models can do and must develop and continue close com¬ 
munication with specialists. 

Fourth, it is a good idea to get early agreement on computer 
outputs that will help management evaluate the results of model 
runs and to plan implementation. 

Fifth, it is necessary to establish organizational arrangements 
to implement project results and to generate, evaluate, and work 
on new projects. 


SUMMARY 

Models concretely representing a company’s combined production- 
distribution-marketing functions can serve as powerful manage¬ 
ment tools. Tested ways of building comprehensive models of this 
kind and related analytic procedures and algorithms have proven 
fully practical. With such models, the managers of a company can 
project in advance the probable results of proposed major manu¬ 
facturing and distribution moves across the full range of the com¬ 
pany's production activities and markets. Models that handle 
financial data provide representations of any significant account¬ 
ing relations. Such models can integrate variable cost data into 
the accounting system, to support profitability accounting and 
flexible budget structures. The most profitable plans for any func¬ 
tional area of the business can thus be developed through successive 
tests. Such capability in a firm that is well managed in other 
respects could make it unbeatable in its field. 
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Building Better 
Marketing Models 


JM-ANAGEMENT science methods have proved to 
be powerful marketing tools and now they take a major place in the 
repertoire of problem-solving techniques for this key component of 
modern business. These methods have been accomplishing more 
in marketing than most businessmen realize. This is mainly 
because the companies that have pioneered in the use of man¬ 
agement science to improve marketing decision making have 
held the results “close to the vest” to protect their competitive 
advantages. 

One company, for instance, has used management science to 
achieve savings of several million dollars in advertising expense 
with no loss in advertising effectiveness. To do so, this leading con¬ 
sumer packaged-goods company developed a series of mathemati¬ 
cal models. It first constructed a computer program using one o 
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the now well-known media selection models.* Then, it evaluated 

inall 7 hTk and benefU - COSt ratlos of various media and, 

verf 6 med ‘ a m ° deI t0 devd °P Amative total ad¬ 

vertising budgets. The budget provided for allotations-based 

on analyses of marginal cost for reaching various audiences-by 
geographic market and by product. 
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these t,n f 0 " SC ' General Foods ’ and Bristol-Myers, are using 
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arede H ^ ^ yCarS ahead ’ Man y organizations 

are developing computer-based models to provide insights into the 

relationships of sales, marketing, promotion, advertising, packag- 
tng, and competitive activity as they affect profits. The models 
generally, depend upon data inputs derived from all elements of 
the companies’ activity and experience. 2 

To experiment with the influence of varying advertising levels 
on net profits, one company selling a consumer product developed 
an advertising model combining historical data with judgmental 
inputs about the next year's economic climate, competitive prod¬ 
uct, and advertising decisions. So that the advertising and market 
research programs could be developed directly from the data needs 
as revea e y the model, a computer terminal—to be used by ad- 
vemsing management was placed in the advertising depart- 


management science 

SOLUTIONS TO BASIC 

marketing problems 


he usefulness of sophisticated techniques in organizing the vast 
amount of data that is required to plan efficient advertising pro¬ 
grams is now widely recognized, and the use of these techniques 
has become fairly commonplace. Management science methods 

2 The Gallagher Report, vol. XVI, no. 25, New York Tune IK iqak o 
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are however, being successfully applied on a broader scale to find 
answers to many basic marketing problems. Here are some examp es 
of the many approaches to these problems-approaches that have 

been made possible by management science techniques. 

Product-line planning. “How should the proc uc t 

planned to take advantage of market penetration, production 
capabilities, and delivery and service facilities? How can the po 
tential needs of a regional or worldwide group of customers best 

sey~ued? rr i_ 

One clothing manufacturer worked out a method for fin mg t e 
optimum number of styles and colors for his product line. The 
chief objective, of course, was first to provide a product base larg 
enough to attract customers to the entire line and then to gain 
their exclusive patronage for each individual product item. 
Against this objective, the company had to weigh the addedl costs 
of greater variety: both the obvious direct expenses and such hid¬ 
den costs as the reduced efficiency of salesmen dealing with an in¬ 
creased number of models. It was very much in the company s in- 
terest to add items to the line as long as they caused net sales and 
net profits to increase. But it was just as vital not to add so many 
items that profits would be depressed. When a model was devel¬ 
oped to analyze the data, it was found that incrementa sales of 
added items showed a remarkably stable pattern over the year. 
There was also a clear relationship between these sales and related 
costs. Thus, the number of products to be offered in given ines 

could be set at the optimum profit level. 

Product-line analysis similarly benefited a producer in another 
field altogether—a major component division of an electron*® 
firm The company prepared a computer-based model to describe 
the movement of its products through manufacturing and dis¬ 
tribution and to indicate the costs connected with every step. Cus¬ 
tomer sales information at every inventory stage from factory to 
distributor was incorporated into the model. Aftei ana yzing in 
ventories and costs, in terms of demand, the division found that 
could cut the number of product types by 20 percent and total inven 
lories by 30 percent, without significant reduction in sales o 
service, thereby substantially improving its profits. 

Sales forecasts. “How can market potentials be forecast foi wi e 
ranges of products, and how can the uncertainties of competition 
best be estimated for each product area? 
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Some of the many advanced forecasting techniques now in use 
project prices and demand for a company’s products in the light of 
such factors as economic cycles and industry inventory levels and 
turnover rates. Use of techniques such as “exponential smoothing” 
—which minimizes forecasting error by systematically weighing 
seasonal factors and irregularly high or low past results—has be¬ 
come so widespread that various computer manufacturers and 
software firms offer standard programs to implement this fore- 
casting method. 

Years of intensive and continuing research have realized out¬ 
standing results for the Anheuser-Busch brewing concern. With its 
highly developed forecasting and analytic system, Anheuser-Busch 
was able several years ago to predict its market share for each sales 
territory with great accuracy. It could estimate in advance what 
profit would be realized from any given level of advertising budget. 
This, in turn, enabled it to find the optimum advertising level, 
market by market. Finally, it could determine the minimum adver¬ 
tising budget it needed, market by market as well as nationally, to 
reach a specified profit goal. As a result, it consistently increased 
its share of the market. 

Distribution systems. “How can the capacities and locations of 
distributing points be planned so as to deliver products to cus- 
tomers at minimum cost?” 

Management science methods have been used so often and so 
successfully for problems of this type that they have become stan¬ 
dard techniques. For example, a company had more than twenty 
field warehouses that had—typically—sprung up haphazardly 
over the years in response to accidents of volume and demography 
in individual sales territories rather than according to an overall 
plan. Management science analysis showed that the firm could 
save several million dollars a year by using a system made up of just 
eight of the old warehouses and two new ones, with much greater 
shipment of products direct from factories to customers. In addi¬ 
tion, operating rules for the new distribution system permitted 
large reductions in inventory, while order filling was as prompt as 
before. 

Customer service. “How can the most profitable level of cus¬ 
tomer service and the means to provide it be determined ?” 

One company that sold a rapidly growing line of office equip¬ 
ment needed to know how many field service personnel to add in 
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each territory. Sales regularly increased, but so did the load of 
customers’ maintenance and repair requirements. The problems 
differed widely in each territory, along with types and ages of 
machines, types of customer businesses, local travel and traffic con¬ 
ditions, and local customers’ service expectations. A thorough analy¬ 
sis spotlighted patterns of service requirements for various kinds of 
users, travel times, and service times, using these patterns and other 
data as inputs. A computer simulation model determined the 
number of service personnel to be added at specific locations 
in order to provide local customers with varying levels of service. 
Typical findings involved in the solution are shown graphi¬ 
cally in Figure 8-1. The results provided a tool with which com¬ 
pany management could, according to its promotional and cost 
objectives in a given territory, vary its procedures to satisfy, for ex¬ 
ample, anywhere from a minimum number of customers (perhaps 
half) to a maximum number (perhaps almost all). One notable 
finding of the analysis was that a 5 percent increase in average cus¬ 
tomer satisfaction at midrange required a 25 percent increase in 
service cost. With these findings, the company was able to give pre¬ 
determined service throughout the country, using local customer 
preferences and local conditions to determine the level of satisfac- 
tion delivered. 

The same general method has proved equally effective for prob¬ 
lems of customer delivery time in cases where prompt or timely de¬ 
liveries are major customer considerations. 

Pricing policies . “How should pricing policies and pricing 
strategies be set so as to optimize our long-range positions in vari¬ 
ous marketsV’ 

To establish a pricing policy of maximum effectiveness, one 
company developed a computer simulation model that took into 
account the following factors: elasticity of demand, potential mar¬ 
ket shares under competitive retaliation, possible future price 
weaknesses, potential changes in costs (including such offsetting 
factors as greater service requirements and improved transporta¬ 
tion efficiency), and changes in local market structures. The ap¬ 
proach required two stages of model building and testing, the first 
for a single market and the second for all markets combined. The 
results enabled management to evaluate the expected payoffs for 
alternative price structures and to investigate the role of each 
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input factor in shaping the output results. Unlike traditional 
methods, with their once-and-for-all resolution, this approach pro¬ 
vided a step-by-step analysis of alternatives that could be applied 
to future changed conditions and to long-term projections on an 
ongoing basis. 

Again, a railroad company explored combined price and equip¬ 
ment policies to determine how its freight business would be af¬ 
fected by the introduction of special-purpose cars and commodity 
rates. An overall analysis of the effects on profits of seasonal 
factors and total usage led to the introduction of new rates and 
equipment, geared to the demand patterns most favorable for the 
railroad. 

Another company that sold manufacturing services (essentially 
machine time) had to bargain constantly over prices in a highly 
competitive environment. It constantly had to weigh the advan¬ 
tages of a sure sale at a lower price against the possibility of being 
able to sell the same productive capacity later at a higher price. A 
historical analysis of the company's demand patterns was extended 
into the future from a specified base. The results were then incor¬ 
porated in a system for calculating the probable market for speci¬ 
fied capacity at a given moment and at a set price. The result 
enabled management to make day-by-day price decisions and to 
accurately estimate the profitability of prospective business at all 
times. 

Best mix of sales, advertising, and promotion programs. “How 
should sales, advertising f and promotion efforts be allocated to 
various products so as to provide the optimum pattern of customer 
demand?” 

One marketing leader initiated an extensive management sci¬ 
ence study of how expenditures could best be allocated among dif¬ 
ferent elements of the marketing mix. It developed a model that 
helped point to the most effective way of obtaining data needed to 
test out field advertising and retail sales efforts and led to a decision 
to change the relative emphasis on advertising and on the retail 
merchandising force. 

Another example is a consumer durable-goods manufacturer 
that wanted to know how much of the advertising and sales pro¬ 
motion budgets should be allocated to each product line in order 
to maximize its profits. The firm also sought an indication of the 
profitability of introducing a new, intermediate-priced line. The 
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example thus suggests, incidentally, that management science 
often works most advantageously when used to solve a combina¬ 
tion of problems rather than just one. In solving this combination 
of problems, management first constructed a profile of the market 
by price line and then projected it ten years into the future. Among 
other things, this step established that the entire market was de¬ 
clining and that the company’s share was decreasing. Analysis of 
variables affecting these trends permitted identification of factors 
influencing market share, such as number of outlets and share of 
advertising expenditure, and also made it possible to identify the 
effect of price. A mathematical model was constructed to quantify 
the impact of these variables on the company’s market share and 
profitability. Further work with the model showed that introduc¬ 
tion of the medium-priced line would be to the company’s ad¬ 
vantage and defined how the advertising and sales promotion bud 
gets should be allocated to each line for optimum profits. 

Most effective overall management coordination . “How can the 
activities of the entire marketing, distribution, and manufacturing 
complex be tied together most strongly over the long run?” 

Companies that have been engaged longest in developing man¬ 
agement science systems for decision making in all their prime 
business areas have shown a strong tendency to coordinate these 
systems for maximum effect. These systems are necessarily interde¬ 
pendent. The output of one system is the input of another; sales 
results influence production, and both influence distribution; dis¬ 
tribution, in turn, influences both sales and production; and all 
systems influence, and are influenced by, financial management. 
One company, for example, has a single, management science de¬ 
veloped system that includes models for forecasting, sales plan¬ 
ning, inventory planning, and production planning. These 
models give management a rigorous analytical basis for reaching 
decisions on such questions as adding or dropping products, intro¬ 
ducing varieties of items in product lines, scheduling the com¬ 
pany’s plants (for assigning overall levels of operations as well as 
capacity for each product), producing inventories before selling 
seasons, purchasing raw materials, setting sales and advertising 
budgets, and improving manufacturing facilities by eliminating 
or introducing equipment. 

Comprehensive coordinated systems like this are still excep¬ 
tional in American business, but they will soon be the rule. Many 




138 New Power for Management 


businesses of all sizes are now developing such comprehensive 
systems. Larger organizations that have not started developing such 
systems may find it hard if not impossible to compete effectively 
in the future (this is particularly true in the marketing area). It 
should be noted, of course, that companies do not develop these 
overall systems as one integrated model; rather, as we have demon¬ 
strated, they attain them by coordinating models for several deci¬ 
sion-problem areas. 


THE DEMAND PATTERN IN 
MARKETING STRATEGY 

Key factors underlying all marketing problems are the variations in 
product demand as functions of time and geography. The concept 
of “demand patterns” is a powerful tool of management science 
applied to marketing. A demand pattern may be defined as a de¬ 
scription of the way point-of-sale transactions (that occur within a 
given time period—an hour, a day, a week, a year—in a given 
location or area, involving a particular type of buyer) vary. In ag¬ 
gregate, each company has as many demand patterns as there are 
possible combinations of such variables. 

Two kinds of management science approaches to marketing 
problems are related to demand patterns: 

1. Approaches that attempt to optimize the operating results 
from a given set of demand patterns. There are management sci¬ 
ence applications for this kind of problem, as we have seen, which 
usually involves shipping, inventories, and warehousing. 

2. Approaches that seek to change the characteristics or parame¬ 
ters of one or more demand patterns. Here, the influence of various 
decisions on the behavior of buyers, wholesalers, and others must 
be dealt with. 

Many critical marketing problems are of the second kind: prob¬ 
lems of determining what factors influence the demand patterns 
(both intermediate and final) of the company’s customers and of 
determining how the company can handle these factors to shape 
the future demand patterns that will be best suited to its resources 
and its interests. This type of marketing problem is receiving 
much management science attention today. 

One current approach to this kind of problem is to develop a 
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model of the market structure. Such a detailed corporate model in¬ 
dicates how the market is influenced by the variables controlled by 
the company and shows the interactions of these variables in the 
firm's operations. For example, the following interactions are 
typical of those the executive must take into account if he 
attempts to develop a strategy to influence demand patterns for the 
efficient long-term operation of his business. Suppose that the 
market in which company A performs is influenced by advertising 
and promotion (or sales effort), price, and service performance. In 
turn, service performance is influenced by service policy, which is 
controlled by cost and investment. Investment responds to the rate 
of return (which is the basic criterion for evaluating results), and 
rate of return is, in part, influenced by service policy through ac¬ 
tual service performance. In turn, service performance is con¬ 
trolled by market share, which follows the derived demand and 
revenue flow. 

In contrast to plant investments, which usually commit large 
amounts of capital for long periods of time, marketing investments 
(i.e., sales and service forces, advertising programs) are usually sub¬ 
ject to much more precise control for shorter time periods. But if 
control is to be precise, the system used to sense and influence the 
environment must be capable of sensing the direction of the 
changes that these expenditures bring about in its business and of 
predicting the effect those changes will have on the operations of 
the marketing system. Marketing activities can be adapted to meet 
the challenges posed by continual change only when the market¬ 
ing information system is adapted to the most effective decision 
time requirements, since marketing is, in effect, continuing ex¬ 
perimentation in a many-variable laboratory. It is precisely this 
adaptive requirement that makes the understanding of demand 
patterns important. 

Knowing the shape of its demand patterns enables a company to 
effectively solve problems of meeting customer demand—to be 
sensitive to significant changes in the customer environment and 
at the same time to develop mechanisms to test out means of chang 
ing the demand patterns to the company’s advantage. For exam¬ 
ple, Figure 8-2 shows a group of typical demand patterns for a con 
sumer product. Chronologically, one can start with the demand 
per day at a local warehouse (see “Daily demands at a local ware- 
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house," Figure 8-2). This curve provides information that will 
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PROBLEMS AND CONSEQUENCES 

Not all efforts to apply management science to marketing activities 
have been successful. Despite its vast potential in marketing app i- 
cations, it has failed to solve marketing problems for each of these 

reasons at one time or another. . . u . 

Lack of competent personnel A high order of technical skill is 
required to deal with problems of decision making amid uncer¬ 
tainty. Second-order effects that change the shape of demand 
curves, as well as large numbers of variables, are also involved. In 
addition, the selection of methods and the development of ade¬ 
quate models require an intimate understanding of the physica 
and social processes of marketing. This understanding has often 

been lacking in unsuccessful studies. 

Lack of sound data. There are always plenty of data available in 
marketing problems, but often they are not of the nght kind 
research is inadequate, information on cause-and-effect re a^i 
ships will be insufficient. Selection of data is especially difficult be¬ 
cause of the uncertainty involved in marketing problems. Some 
key relationships—relative effectiveness of different advertising 
media, for example—are extremely difficult to quantify. 

Lack of management understanding and support. In one large 
consumer goods company, the management science budget was cut 
off after a year’s work because the staff had not adequately pre¬ 
pared management for the difficulties involved. Since most mar¬ 
keting problems require considerable computer programming, 
underestimating the amount of computation involved can often 
cause difficulties. Successful models have sometimes not been im¬ 
plemented because the management science staff failed to draw 

marketing personnel into the project. 

Inadequate experience. Overly ambitious projects have some¬ 
times been started before mutual understanding and confidence 
between management science specialists and operating personne 
have been developed on more limited projects. Abroad marketing 
problem is not likely to be a good first management science appli¬ 
cation because it is almost certain to entail more technical com¬ 
plexity and a longer wait for results than management may be 
ready to accept. 
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OPPORTUNITIES FOR THE 
FUTURE 


Man age men i science has amply demonstrated its potential for 
handling problems of complexity, uncertainty, and conflict; and 
surely, marketing problems combine all these components. Al¬ 
though the solutions to many marketing problems are still quite 
difficult to work out, there are many indications that the rewards 
m marketing may well be higher than those in any other area to 
which management science is being applied. 

Starting with known facts about the customer and the company, 
the demand pattern concept of marketing management inter¬ 
weaves these facts into a flexible system for analyzing the effects of 
key decisions on net profits. Marketing facts are uncertain because 
customers’ behavior patterns are so variable. This very uncertainty 
provides both the problem and the opportunity for the marketing 
executive. 


The tendency has been to blame marketing failures on external 
forces and to credit the successful attempts to creative intuition. 
But changes m the parameters of demand patterns are not only de¬ 
termined by inspiration, competition, and fate; they are very much 
influenced by deliberate management action. 

Demand patterns can be moved within the limits of probable 
real-world events. The management science approach can describe 
these limits with as much certainty as the underlying process will 
allow. Whether the product is candy bars or locomotives, market¬ 
ing decisions relating to quantity can then be taken with the assur¬ 
ance that the maximum factual basis is being used to support 
them. 


In marketing, as we noted earlier, the executive is continuously 
engaged in managing a gigantic experiment. Each event occurring 
in his competitive world is a datum that will change, to some ex¬ 
tent, the shape of the demand patterns to which he has tuned his 
organization. Management science can effectively help the execu¬ 
tive discover new possibilities open to him in his experiment. 

Such conditions place a high premium on imaginative, inven¬ 
tive marketing—marketing aimed at achieving the best possible 
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return on a stockholder's investment by various means such as se¬ 
lecting products, channeling distribution, and stimulating cus¬ 
tomer demand to obtain optimum market shares at minimum cost 
levels over the long run. How well these tasks are performed will, 
in large measure, determine the competitive strength of any 
business. 


CHAPTER 


A , . 9 

Analysing Organisation 

Structure 


, ■ , Organ IZA TION structure, administrative relation- 

hips, and individual responsibilities are, of course, altered in 
proportion to the extent of change of historical methods of opera¬ 
tion effected by management science methods. And the systematic 
development of organizational alignments and communication 
links to take maximum advantage of the management science and 
computer-based models can be itself a task for the management 
sciences. It ,s perhaps the most difficult of all the jobs to be done, 
and thus far only the beginning steps have been taken in a few 
companies. In this chapter, we shall review some of these steps and 
consider not only what the management sciences can actively do to 
design organizational models but also how they will affect the cur- 
lent organization structures. 


It is 
changes 


commonly noted that the business, economic, and social 
brought about by the even faster development of technol- 
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ogy are even more rapidly altering the internal and external en¬ 
vironments of business. In response to this changing environment, 
most corporations are modifying their organizational structures 
with greater frequency; and trends toward operating decentraliza¬ 
tion along with centralized analysis and greater flexibility are 
clearly apparent. However, systematic work is only beginning on 
the problems of organizational design in a constantly changing 
environment. 

In this chapter, we shall examine possible approaches to a solu¬ 
tion of the basic problem of how to organize most effectively to run 
a business in competitive environments that are as yet unknown. 
We shall explore one solution: not some ideal table of organiza¬ 
tion but a new way of building and analyzing any organization. 

Effective management requires a rational means of speci ying 
and describing actual or desired organization structures. March 
and Simon have pointed out that “organization structure consists 
simply of those aspects of the pattern of behavior in the organiza¬ 
tion that are relatively stable and that change only slowly. The 
analysis of such behavioral patterns is the starting point in speci y- 
ing and describing organizational structure. The stable aspects o 
behavior that make up organizational structure are defined here in 
terms that may sound strange at first, but basically they stem from 
the kinds of operational analyses and model development e- 
scribed in earlier chapters. These stable aspects of behavioral pat¬ 
terns include the arrangement and specification of (1) communica¬ 
tion links, (2) decision-rule generating processes, and (3) rewar 
and penalty procedures. All of these are generally directed toward 
the organization’s ultimate objectives of growth, profits, pub ic 
service, stability, and so forth. 

As will be seen, such organizational structures are o ten ar 
from unambiguous. Thus, in the present state of the art, organiza¬ 
tional analysis will not completely answer the question of how best 
to align tasks, decisions, and communications in a given organiza¬ 
tion In fact, for reasons that will be elaborated later, this question 
does not really arise for many organizations that must adapt to a 
continuously changing external environment (although it may 
have meaning in groups performing a limited number of largely 


1 See Supplementary Reading List. 
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routine activities). Such organizations very often cannot be 
optimally departmentalized. However, as Marshak has stated, “A 
description of the rules of action and communication that are in 
actual use in a given organization (though possibly not the offi¬ 
cially proclaimed ones) would also help to improve them." 2 

APPROACHING ORGANIZATIONAL 
ANALYSIS THROUGH 
MANAGEMENT SCIENCE 

A systematic framework for analyzing organizational structures is 
intended to help answer such practical questions as: 

■ Who communicates with whom, and on what subjects? 

■ Who controls development of specific decision rules and who 
applies them? 

■ How are organizational rewards and penalties determined, 
and by whom? 

Management science approaches to organizational problems are 
essentially analyses of decisions, functions, and activities. 

Of course, the motivational and other aspects of bargaining, 
conflict, power sharing, and intragroup tension existing in all 
organizations are affected by particular organizational and com¬ 
munications structures. However, they lie outside the analysis of 
decisions, functions, and activities because of (1) frequent individ 
ual job changes, (2) rapidly changing business environments, and 
(3) the need for the development of flexible mechanisms to meet 
unknown futures. Interpersonal behavior and the meshing of an 
imperfect organizational structure with the demands, motivations, 
and requirements of individuals depend upon the skill of the lead¬ 
ers, the availability of resources, the pressures of external events, 
and the aggressiveness of various parts of the organization. An ap¬ 
proach to organizational structure that minimizes inconsistency of 
objectives and reduces frustration by rationalizing rewards and 
penalties can do much to make the tasks of management leaders 
easier. 

It is not the purpose of organization analysis to restructure the 

2 J. Marshak, “Efficient and Viable Organizational Forms,” in M Haire 
(ed ), Modern Organizational Theory , John Wiley & Sons, Inc., New York 
19c>9, p. 309. 
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objectives, goals, and purposes of the organization: rather, the 
purpose of organization analysis is to design a “good" organization 
to fit agreed-upon objectives and goals. To this end, it is not ap¬ 
propriate to assume that the task or functional structure to meet 
these purposes is also given. In fact, one of the key elements in the 
analysis is the determination of both actual and alternative task- 
activity—oriented or function-activity—oriented structures. 

In this context, then, the nature of organization as the decision- 
activity orientation of a group can be examined and the structure 
described as it relates to communication links, decision-rule gen¬ 
eration, and control mechanisms . It will be noted that any organi¬ 
zation has multiple and overlapping structures in the sense that 
structures vary with differing tasks and objectives. In other words, 
no matter how neat an organization chart or a communications 
diagram looks, it does not represent the actual, many-faceted struc¬ 
ture of the organization. However, the structure’s complexity can 
be analyzed and reduced to sufficiently simple terms to answer 
some practical questions of the organization designer. 


ORGANIZATION AND THE 
MEANING OF STRUCTURE 


Organizations and their components can be described in terms of 
the functions required to meet their end objectives (e.g., mining, 
processing, shipping, marketing), the activities required to carry 
out the functions (e.g., purchasing, advertising, designing, selling), 
and/or the decisions required to determine what is specifically 
done in each activity in response to internal and external stimuli. 

To be viable and reasonably effective, a structure designed to 
carry out specific activities must specify with reasonable clarity the 
desired end results, outputs of each activity, the rules to be fol¬ 
lowed in each activity for achieving the end results, and measures 
for ascertaining whether the end results are being accomplished 
and the rules followed. In the example that we will use (the sim¬ 
plest possible), there are two activities, purchasing and sales, car¬ 
ried out in two functional components. 3 The purpose of the organ- 


3 Note that this simple organization might have only one functional com¬ 
ponent, but even if the function were centered in one person, two separate 
activities must be accomplished and the description that follows in the text still 
applies. 
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ization is to sell as much as possible and to maximize the differ¬ 
ence between the amount paid for goods bought and the amount 
received for goods sold. 

There are two separate objectives here; they are compatible 
(that is, a purchasing activity is given objectives for purchasing 
that fit with the sales objectives of the marketing activity) if maxi¬ 
mum of dollar sales is achieved at the same time that total pur¬ 
chase costs are minimized. And this, of course, depends on under¬ 
standing and using the nature of the functional relationships 
between unit sales and selling prices, and between unit purchases 
and purchase costs. Can this be done without appropriate organi¬ 
zational design? The answer, as we shall see, is “no”—even in this 
simple case. Therefore, the organization must be properly struc¬ 
tured to achieve these end objectives. 

This simple description of an organization will serve to illus¬ 
trate many important points about organizational structure. Note 
that a structure has not been defined for this elementary organiza¬ 
tion; only the activities to be carried out have been stated. In order 
to make it “work,” the communication links needed, the decision 
rules to be used, and the control or coordinative mechanism must 
be provided. 

Obviously, only one internal communication link is called for in 
this simple case: a two-way link between the purchasing and sales 
functions. But simply saying these two are linked by a communica¬ 
tion channel is no better than drawing an ordinary organization 
chart. The kinds of information to be carried over the channel 
must be specified. If sales is permitted to establish the selling price, 
it must also know the purchase cost if it is to have some influence 
on whether the overall goal of maximum profits is met. Also, pur 
chasing must know what quantities of goods sales can sell at what 
prices and when it can sell them. Thus, a key requirement of sales 
is the necessary cost information, and a key information item for 
purchasing is the sales forecast. 

But there is still no structure. It is necessary to bring some deci¬ 
sion rules into the picture. As with information items that could be 
communicated, there are many possibly relevant decision rules. 
Two rules that could be the responsibility of either function will 
be dealt with: (1) a rule for establishment of selling prices and (2) a 
rule for establishment of stock levels for purchased goods. There 
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are nine alternatives for generating these rules, even in this two- 
activity organization. Sales or purchasing could generate both 
rules; sales could generate one, purchasing the other, and vice 
versa; or joint responsibility could be given to purchasing and 
sales for one or both decision rules. One cannot know intuitively 
which of these alternatives is best, i.e., most likely to maximize the 
difference between selling price and purchase cost and to max¬ 
imize total sales. 

But beyond this set of alternatives, without individual measured 
controls on the purchasing and sales activities, the organizational 
structure is not complete and the only assignment of decision-rule 
generation that could meet the objective would be assignment of 
both rules to the joint control of purchasing and sales. This, in ef¬ 
fect, would allow the organization to degenerate into a nondiffer- 
entiated structure in which the control, or objective measure, of 
the joint function would be the maximization of the difference 
between selling price and cost. And even this, as we have seen, 
would require the understanding and careful construction of spe¬ 
cific decision rules. 

Thus, it becomes apparent that some control mechanism is 
necessary to complete the organization design. The key control 
mechanism is, in fact, an output objective or ‘‘objective function' 
for the individual activity, in conjunction with some enforcement 
—penalizing and rewarding—device. In the two-activity organ¬ 
ization described above, the activities can share equally in the net 
gains from their combination (a true partnership). On the other 
hand, even in this very simple case it is not easy to determine the 
kinds of incentives that would maximize the overall gain to both. 

A complete structure for this elementary organization can now 
be examined with simple decision rules and output objectives in¬ 
dicated (e.g., the purchasing objective is to keep actual purchase 
cost below or equal to forecast cost, and the decision rule for stock 
is that it is to be kept at x percent of forecast sales; the sales price 
decision rule is to sell at 100 percent above purchase cost and the 
objective is to keep sales volume above or equal to forecast sales). 

Though the task objectives and the decision rules seem reason¬ 
able in this elementary case, it is not difficult to see that this struc¬ 
ture might be far from satisfactory. Thus, the sales forecast fur¬ 
nished to purchasing (note: no decision rules are furnished for 
making the forecast) must reflect both the arbitrary rule for selling 
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price and the objective of selling at least at forecast level. There¬ 
fore, for safety’s sake (and with no management to impress), the 
forecast is apt to be on the low side. But the purchase price will 
reflect the arbitrary rule for quantity to be purchased and the ob¬ 
jective of purchasing at the forecast price or less, and it is apt to be 
on the high side—which will push the sales forecast down and the 
price forecast up, until they could come into equilibrium at zero 
purchases and zero sales. So, even the simplest activities and func¬ 
tions can lead to serious problems if the communication links, de¬ 
cision rules, and objective functions are not carefully thought 
through. 

One way to prevent this kind of result is to provide for another 
activity, an activity that will concern itself with optimum decision 
rules, activity objectives, and communication links; in other 
words, some executive function to analyze and establish the organ¬ 
izational structure. This executive activity must, of course, have its 
own communication links and objectives. It quickly becomes clear 
that the number of alternatives for each of the structural elements 
(not to mention psychosociological relationships of power, motiva¬ 
tion, attraction or loyalty, association, and interaction) is enor¬ 
mously multiplied in business organizations. But an example is 
provided by the addition of an executive activity to the simple or¬ 
ganization structure we have been considering (Figure 9-1). 

The need to recognize behavior as a means of controlling the 
output of the organization is, of course, well known. In the usual 
bureaucratic description of organization, performance and control 
are both outlined in a system of formal roles (or activity areas), and 
communications flow through a set of publicly defined channels. 
Penalties and rewards are supposed to be known and understood 
by superior and inferior. This is generally called the “formal or¬ 
ganization,” in contrast to the many interpersonal communication 
channels, relationships, personally acquired roles, and so forth, 
that characterize the actual social group, or “informal organiza¬ 
tion.” However, the usual bureaucratic analysis of organizational 
structure fails to deal effectively with the problem of decision-rule 
generation (aside from the interpersonal, motivational bargaining 
issues that lead to policy statements or constraints on action). In a 
sense, the best answer to the practical questions raised earlier is to 
(1) examine alternative objective functions for each activity, (2) 
examine alternative ways of generating the decision rules to 
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optimize the objective functions, and (3) relate these alternative 
rules (along with the variables to be communicated to the users 
of the rules) to the overall functions. Once this is done, the 
decision-rule generators provided for in the structure must be 
relied on to update the organization’s response to changes in the 
environment. 

In summary, the activities of even the simplest organization 
comprise differing tasks with separate objective functions. To map 
these out for analytical purposes, an organization chart, or even a 
manual describing responsibility and function, is clearly insuffi¬ 
cient. However, each area of activity can be charted in terms of the 
main tasks and subtasks involved, and the chart should include 
statements of needed communication linkages, models or proce¬ 
dures for generating decision rules, and the objective functions the 
activity-task should try to satisfy. Let us examine how companies 
fill in such charts and make their implementation effective. 

First, it may be noted that large, complex organizations have 
many goals (and therefore many objective functions) and, of 
course, many tasks for high-level executives. Like any other com¬ 
ponent of the organization, these goals will have relative degrees of 
importance, and their priorities will change with time. The prob¬ 
lem of competing, inconsistent, and incompatible goals must be re¬ 
solved by internal bargaining or by the use of external power. For 
the purposes of this chapter, this inevitable conflict of top-level 
goals will be shown to result simply in an agreed-upon objective 
function or functions against which all other lower level functions 
will be measured. 

The observations and analyses required to complete such a 
chart of organization structure can now be examined. 


DEFINITION OF TASKS AND 
OBJECTIVE FUNCTIONS 

Before decision-rule generators can be established, communication 
links evaluated, or objective functions determined, it is essential to 
delineate the tasks to be performed by the entire organization in 
pursuit of overall goals. This is perhaps the most difficult job of 
all. It has nothing at all to do with going to someone and asking, 
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“What do you do?” On the contrary, it requires determining at the 
very highest echelon what specific tasks should make up the organ¬ 
ization's mission. 

Once the tasks are spelled out, the first step in the analytical pro¬ 
cess is determining what the actual (or hypothesized) activity areas 
contribute to those tasks. The subtask appropriate to a given ele¬ 
ment may be a decision (for example, in control and re- 
evaluation, an executive’s subtask might be to “approve, or disap¬ 
prove, any major changes in the program’’); an analysis; a commu¬ 
nication; or an action in the external world (e.g., letting a con¬ 
tract). The sum of these subtasks, when viewed in terms of each key 
task, should add up to getting the job done with little or no un¬ 
planned duplication (or organizational slack). 

Concurrent with the assignment of subtasks, and to some extent 
inseparable from them, is determination of individual objective 
functions for each subtask combination. It is often difficult to de¬ 
fine the output of a subtask or the contribution of that output to 
the overall organization goals. One reason for this is organiza¬ 
tional memory: the fact that something has been done in a certain 
way—either in the organization under analysis or in another one 
—perpetuates the feeling that it must be done in that way. Al¬ 
though the need often cannot be articulated, because of historical 
accident and long exposure it tends to be deeply felt. It is particu¬ 
larly difficult to provide objective functions for coordinative tasks 
such as: “Ensure that pertinent operating command data that 
would affect status of current projects or would require the addi¬ 
tion of new projects are considered during program review ses¬ 
sions.’’ 4 Perhaps it is best to keep objective functions in the fore¬ 
front but to waive them where they may not be significant—in 
which case direct control over tasks of this nature will have to wait 
for long-term, cumulative effects. 

Although it may be difficult to describe tasks and objective func¬ 
tions clearly, the discipline involved in thus examining an organi¬ 
zation can substantially improve organizational structures for ef¬ 
fective attainment of overall goals. And if it cannot be done, an 
organization may well find it difficult to survive and grow. 

For example, one task of a purchasing activity involves procure- 

4 Taken from a military organization procedures manual. 
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ment of materials at specified times and places. The objective func¬ 
tions describe the relative priorities to be given to time, price, and 
quality, as well as the costs to be attributed to the purchasing activ¬ 
ity and to the means of budgeting those costs. Specifying the objec¬ 
tive functions makes it possible to develop decision rules consistent 
with them. 


DECISION-RULE GENERATION 


An explicit examination of the decision rules in use—and know¬ 
ing who generated them—is critical for the understanding and 
satisfactory reshaping of any organizational structure. (The gen¬ 
eration of important decision rules through the development of 
models and algorithms is, as we have seen, the aim of the manage¬ 
ment sciences.) Those who perform the task must have a clear un¬ 
derstanding of how to use the decision rules or models. Otherwise, 
confusion and conflict are inevitable because decision rules for per¬ 
forming a task are likely to be generated by organization units re¬ 
mote from the task activity. 5 

In the case of the purchasing department, the rules cover meth¬ 
ods for determining the number of bids to be received on a particu¬ 
lar item, the choice of suppliers to be requested to bid, and the tim¬ 
ing of purchase. The way the objective functions are written may, 
for example, indicate how many bidders will be required. Thus’ 
the more bids that are received, the greater the probability will be 
of obtaining an item at the lowest available price, but the higher 
the cost of this subtask. The internal organization of this activity 
—the allocation of personnel to search out new vendors and to 
expedite deliveries—is a function of the control system that re¬ 
wards and penalizes as a result of the value placed on low prices 
and on-time delivery in relation to the cost of the purchasing 
activity. & 

Almost all rules, no matter where generated, are based on par¬ 
tially valid assumptions concerning the reliability of data, on 
unique objective functions, on models that are assumed to cor¬ 
rectly represent the way the world operates, on the assumption that' 


• While it is essential to involve deeply those who carry out activities i 
model-building exercises, the key developments for the model are like 
come irom outside the activity area. 


the 

to 
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causal relationships are clear-cut and known, and on some accep¬ 
tance of statistical order in all aspects of the environment. With all 
these abstractions from life applied to model building, it should be 
apparent that we will not find pure optimizing rules for most tasks 
in the real world. 

For this reason, the analysis of organizational structures requires 
a study of decision-rule generation, as distinguished from a study 
of the rules themselves. Many organizations with adequate deci¬ 
sion rules (e.g., set the selling price at twice the cost) have only the 
most rudimentary mechanisms for generating such rules. In an ex¬ 
treme example, the complex rules of one large organization, devel¬ 
oped by the grandfather of the present general manager, are under 
scrutiny now for the first time in many years. 

Decision rules that will serve as guides in future situations must 
be clearly more general than those developed for present problems. 
In developing them, one must ask, “What should we do in this 
class of situation?” and beyond that, “How should we structure 
this organization so that it will react effectively to situations we 
can only vaguely describe at the present time?” Such mechanisms 
for generating decision rules often formalize what people learn 
through experience. 6 To be permanently effective, they must be 
built into the organizational structure. 

To illustrate the difference between a set of decision rules and a 
mechanism for generating rules, consider two computers: one pro¬ 
grammed for routine arithmetic calculations, the other pro¬ 
grammed to learn to play chess. In the first instance, the program 
can be permanently fixed: no matter how complex the arithmetic 
problem presented, the rules for its solution will not be new. In the 
case of the chess-playing program, 7 the computer can continuously 
change the basic rules of its play by learning from its opponents: 
the “superrules” for changing the basic rules are built into the 
“organizational” structure of the program. And those who pro¬ 
gram this chess-playing prodigy may wish from time to time to 
change those superrules. 

In the same way, an adequate analysis of organizational struc- 
ture will determine both “what is” and “what might be” in the 

e Recall the co/.cept of marketing management as experimentation described 
in Chap. 8. 

7 Called a “heuristic” or learning program. 
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decision-rule generating activity. And once decision rules can be 
generated, they must be communicated. 


COMMUNICATION LINKAGES 

Despite some notions to the contrary, communication in organiza¬ 
tion structures has little or nothing to do with information theory 
as it is used in designing and building communication equipment 
and communication nets. This is because information theory, as 
theory, is only interested in messages (and their content of mean¬ 
ingless information bits), whereas in organizational communica¬ 
tions, meaning is essential. Accordingly, who conveys what bits of 
meaning to whom and for what purpose must be determined be¬ 
fore the effective configuration of “what, from whom, to whom” 
can be decided. Communication links make it possible to provide 
activities with decision rules from decision-rule generators, to pro¬ 
vide objective functions, and to measure progress against those 
functions. 

Communication includes, of course, the people and mechanisms 
that measure the state of the key internal and external variables 
that affect the business. Some decision rules and models indicate 
what should be done to the incoming signals. Improper sensing, 
poor rules, and false inputs lead to errors that affect the outputs of 
the activities using the information. 

The decision rules that determine how these activities handle 
information should cover filtering (the separation of useful infor¬ 
mation from noise), aggregation and combination of bits of in¬ 
formation, and determination of who should receive the various 
informational outputs. Further, inputs to various activities carry a 
variety of information: some of it will be used in decisions, some 
will be used in the objective function, and some will be stored in 
memory for future use. For example, a requisition from a using ac¬ 
tivity would not only represent information that would trigger 
some buying decision rules but would also add to the store of in¬ 
formation about the level of work in the purchasing department. 

In analyzing communication links as part of the organizational 
structure, companies have examined the “costs” of information 
produced and have checked the information to see if it is complete 
and unambiguous enough to be used for carrying out decisions 
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and measuring objective functions. The nature of communication 
linkages and their stability represents one measure of the integra¬ 
tion of the organizational structure. For example, if operations 
uses the output of external intelligence-gathering activities incor¬ 
rectly or deprecates its value, the effectiveness of this part of the 
communication structure is questionable. 

The question of whether communication linkages should be 
minimum (for speed, correctness, and stability in carrying infor¬ 
mational loads) 8 or maximum (for better morale and mutual 
understanding) 9 can, it seems, be resolved in terms of the alterna¬ 
tive task structures, decision rules, and objective functions. There 
are not enough links if the objective function requires more infor¬ 
mational input than the decision rules for the task provide. Con¬ 
versely, there may be too many links if the decision rules have more 
informational input than the objective function requires. In a 
sense, we need to “match the organizational impedance” of the 
various activities involved in specific tasks. It should be recalled at 
this point that this discussion is not about corporate organization 
charts but about the decision-communication links involved in 
specific tasks. Sometimes the required information is included in 
other information that a particular donor gives to an activity; this 
contingency is determinable from the analysis of information 
needs and use. 


SUMMARY 

The steps in the analysis of organizational structure are (1) study of 
decision requirements; (2) determination of the means of generat¬ 
ing decision rules, models, and algorithms to meet those require¬ 
ments; (3) study of actions that have to be taken and of how com¬ 
munication linkages are related to those actions; and (4) study of 
the objective functions used to control. This step-by-step analysis 
permits a careful and uniform consideration of the different en¬ 
vironments in which the organization may operate. This is partic¬ 
ularly important for business organizations, whose continued suc¬ 
cess is predicated on an unknown future environment. Only by 
careful consideration of possible tasks and their implications can 

8 Suggested by Dubin (see Haire, Supplementary Reading List). 

9 Suggested by Likert (see Haire, Supplementary Reading List). 
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organization structures be designed to meet such future needs ef¬ 
fectively. Using this kind of analysis, one can answer the practical 
questions mentioned earlier. 

One can go much further and begin to refine rules of behavior 
that will eliminate inconsistencies and incompatible decision rules 
and objective functions. This approach analyzes the system as a 
dynamic entity: it considers a series of activities, tasks, and envi 
ronmental conditions, and determines how the organization will 
respond to them through its decision rules and objective functions. 

But it must be recognized that an organization has to perform 
many tasks, including some that it was not designed to do. Even a 
static structure of decision-rule generation, communication link 
ages, and controls will not completely match all needs. An organi¬ 
zation, no matter how large or well structured, is time-bound. Not 
everything to be done can be done at once, and although rules for 
determining priorities can be generated, the net result will clearly 
be less than optimum. Accordingly, the organization structure 
must allow sufficient slack to accommodate the losses inevitably re¬ 
sulting from sequential decision making and action taking. 

A second limitation of this kind of analysis of organizational 
structures is that complex tasks generate complex decision rules 
and communication linkages that in themselves may be computa¬ 
tionally or mechanically untenable, unstable, or at best highly in¬ 
efficient. This difficulty can be avoided only by careful task plan¬ 
ning and control of decision-rule generation at the highest level. It 
should be noted that such control often makes for more efficient 
decentralized decision making and more flexible action than does 
concentration of decisions at high levels—particularly as a com¬ 
pany’s operations diversify and become more complex. 

There are no absolute answers to the design of optimal organiza¬ 
tional structures, and perhaps the nature of social life precludes 
any final theoretical constructs. Yet much progress has been made 
in the management sciences, and much that was obscure only a few 
years ago is at least available for analysis, if not theoretically un¬ 
derstood. Precept and exhortation are not an adequate approach 
to organization analysis and design. The coherent, systematic, and 
comprehensive approaches of the management sciences can be 
used for the design and administration of ever more complex social 
organizations of all types—governmental, labor, welfare, health, 
educational, voluntary, and military, as well as business. 






While the management sciences are providing the 
methodology for more effective administration of complex enter¬ 
prises, it is computers and computer systems that are supplying the 
means to put the methods to work. There were over 60,000 com¬ 
puters in use in the United States in 1969, with a total value in 
excess of $20 billion. It is estimated that by 1975 their number will 
be almost 90,000 while their value will have doubled, as shown in 
Figure 10-1. Judging from the accuracy of past estimates, these 
forecasts are probably conservative. But, by any standard, the com¬ 
puter is here to stay as a fact of business life and as a basic manage¬ 
ment tool. 

The computer owes much of its increasing importance to the al¬ 
most phenomenally rapid improvement of its capabilities. For in¬ 
stance, the number of additions per second that the machine can 
perform has increased by a factor of over twenty since 1955, as 
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shown in Figure 10-2. At the same time, the dollar cost for perfor¬ 
mance of every 10,000 computer instructions has decreased by a 
factor of about twenty-five. In the process, an array of new staff 
functions has grown up around the machine: systems analysis, op¬ 
erations research analysis, programming, equipment operation, 
and hardware and software design and marketing. There are over 
150 different job titles now listed by personnel experts in the “sys¬ 
tems analyst" category and more than 100 specialized “pro¬ 
gramming” categories. It is estimated that there are more than 
200,000 systems analysts and programmers in the United States 
today. By 1970, there may be 450,000. 

The real significance of these facts is perhaps best illustrated in 
an outline indicating the computer’s course of steady improve¬ 
ment over the past twenty-five years, what the next improvements 
are likely to be, what is actually being done with the machine, and 
how it measures up to its tremendous potential. 


COMPUTER DEVELOPMENTS— 

PAST AND FUTURE 

Past computer developments can be said to have occurred in three 
distinct stages: the period of invention, the period of research, and 
currently, the period of development. 

The first period began in 1943 when the first real computer 
(Mark I, an enormously complex electromechanical device) was 
developed at Harvard University. Somewhat later ENIAC 
(the first real electronic computer as we know them today) 
was developed by J. Presber Eckert, Jr., and John W. Mauchley of 
the University of Pennsylvania. Most of the basic theories of data- 
processing systems were worked out during the Harvard- 
University of Pennsylvania development period. For instance 
what is now known as computer time sharing (based on the 
time sharing of trunk circuits by telephone exchanges) was pro¬ 
posed and tried during this period. However, because of the primi¬ 
tive character of the equipment, there was relatively little physical 
implementation. Components were either nonexistent or ex¬ 
tremely costly; one-of-a-kind items and the first peripheral units 
needed to make the computer practical (e.g„ printers or magnetic 
tape drives) had to be almost entirely hand built. More important, 
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there was almost no market, outside the government, for the new 
machines. Even if there had been a market, no one had much un¬ 
derstanding or knowledge of user requirements or of how to meet 
them. 

The research period, extending roughly from 1950 through 
I960, covers the so-called “first generation” of computers and part 
of the second. During this period, the machines were first commer¬ 
cially marketed and, after a slow start, found increasing accep¬ 
tance as faster, more reliable, and less expensive components— 
transistors, magnetic cores, diodes, and so forth increased com¬ 
puter capabilities and dependability per dollar of investment. 
Standard electromechanical input-output and other peripheral 
equipment was produced in quantity, and the first versions of new 
devices, such as mass storage, optical character recognition, and 
data transmission devices, were developed. Most of the improve¬ 
ment of systems concepts consisted of refinements of ideas devel¬ 
oped in the previous period. Computer programs (software), 
however, became an important aspect of computer operation. The 
research period was characterized by rapid obsolescence of equip¬ 
ment as improved machines came onto the market in swift sue- 
cession. 

The development period, which began around 1960 and will 
probably last into the mid-1970’s, is characterized by refinement 
and extension of existing systems and equipment ideas and con¬ 
cepts rather than by significant innovation. The technology has 
hardly reached a plateau, but truly new developments are today 
mostly still in the laboratory stage. However, the period should 
show some striking achievements. Computers are performing at 
vastly higher speeds with even better reliability than before. The 
chief limitation on their performance seems to be management 
leadership and the development of software, which becomes ever 
more important as machines get bigger and faster and can under¬ 
take ever more complex tasks. The lag between the demands of the 
users of the new machines and the availability of appropriate 
software has been estimated at as much as fifteen years. 

Current innovations include widespread use of integrated cir¬ 
cuits and magnetic thin film memories (first developed in the late 
1950s) and the introduction of economically practical small com¬ 
puters. The startling improvements, however, have been in the ex¬ 
tremely large memories now available for time sharing. 
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It is too early to tell what will be the most meaningful new com¬ 
puter developments after 1975 or thereabouts. However, enough 
is known to pinpoint the following likely development areas: in 
computers, larger and larger mass-memory storages, character and 
voice recognition; and in software, perhaps self-learning and self¬ 
programming on a scale so extensive that computers will actually 
“learn” how T to solve problems instead of merely following instruc¬ 
tions. It is almost certain that the software problem will still exist. 
Yet it may not loom as important as it does today, due to the devel¬ 
opment of economic, large-scale integration, semiconductor chips, 
each bearing several hundreds or thousands of microminiaturized 
circuitry elements. Used for internal operating functions that are 
now performed by software, these could substantially reduce the 
computer’s software dependence. 

Whether or not a fourth distinctive computer generation is on 
the way, it seems certain that the current third generation repre¬ 
sents a period of relative stability that will last for several years. 
This is the time when the corporate planner can, without fear of 
rapid obsolescence, carefully develop the computerized manage¬ 
ment control system that will best serve the needs of his company 
and provide a basis for future improvements. 


MAJOR DEVELOPMENTS 

Computer technology can now provide a business with overall in¬ 
formation systems that will give managers new capabilities for 
analysis, planning, and decision making. Underlying these capa¬ 
bilities are major technical improvements in the areas of computer 
mass-memory storage and time sharing. 

Mass storage 

Computer information can be stored in either of two ways— 
serial or random access. In serial storage, a search for an item of 
information must begin from the very start of the information file 
and proceed until the item is located. This is the method used for 
punched card and magnetic tape. The method is mechanically in¬ 
expensive, but it is very slow and unsuitable for any kind of cor¬ 
porate data bank where specific information must be retrieved 
quickly from extensive files of stored data. In random access, on the 
other hand, information sought is located by its address code in the 
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information file. The computer does not have to read the entire file 
until it comes to the right item; it goes straight to the address. This 
has been made possible by the development of mass storage sys¬ 
tems, usually using magnetic drums or disks, that store vast 
amounts of almost instantly retrievable data. 

The development of mass storage devices has been rapid. The 
first drum storage units built around 1951 had a top capacity of 
about 36,000 bits of information. Today, storage units with a ca¬ 
pacity of several billion characters are available. Fast as they are, 
however, the new mass storage systems are still much slower than 
the very fast and rapidly growing internal memories of current 
computers. This can lead to troublesome delays, difficulties in 
programming, and inefficient use of these costly devices. However, 
the improvement in mass memories is still sufficient to allow eco¬ 
nomical development and maintenance of comprehensive data 
files dealing with the key elements of a business and its environ¬ 
ment. These files provide the basis for the kind of sophisticated 
and coordinated information systems discussed in Chapters 4 and 
7. 

For example, some companies are beginning to develop market¬ 
ing data banks that include sales history, advertising and pro¬ 
motion expenditures, demographic data, and competitive sales 
information. Properly structured and easily accessible, such a com¬ 
prehensive data bank provides the basis for advanced analyses of 
regional and local sales performance, analyses of deals and pro¬ 
motions, and the study of competitive and consumer trends. 

In effect, the computer becomes a large-scale data retrieval and 
communications system with the ability to quickly select and recast 
information into a variety of decision-oriented formats. 

Time sharing 

The second major improvement made recently in computer 
technology was the introduction of time-shared systems that pro¬ 
vide direct access and rapid response to inquiries. Along with time- 
shared computer systems has come the development and use of 
more powerful user-oriented languages for these systems. 

A time-sharing system provides a number of users with simul¬ 
taneous remote access through an input/output terminal 1 to a 

1 Usually a Teletype terminal, but increasingly a cathode-ray-tube (CRT) 
screen for visual display of data, including drawings and similar information. 
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large-scale computer system. The computer works so fast that 
proper y programmed, it can move from one user to another with 
out neglecting anyone or making anyone wait for service. For each 
user, ,t is as if his terminal were the only one in the system 
Such systems, of course, benefit thp em aii 
S ng them access to the power 

small^o WeVer ’ ^ ° f dme - sharin g s »s is no, limited to 
companies; in fact, large companies have already grasped 
eir potential for improved management information, 
or example, in one large company that has applied time¬ 
sharing concepts in the design of company-wide computer systems, 

analyze 0 ^ 13 ' 6 Staff S rou P llsed lhe time-sharing system to quickly 
lyze a recommendation to the chief executive to cut all inven 
ory levels. Over a period of a few days, the group developed a sales 
forecasting technique and simulation models In d used them to 
perform a senes of analyses and to develop projections that clearly 
howed inventory levels should not be cut. Through time-sharing 
terminals at divisional and staff locations, the necessary data were 
quickly assembled, several analysts were able to work with the 
odel simultaneously, and the projections were tested for realism 

aLnToT: 8 T gh ° Ut th£ “"P** Without the fast turn 

been possiblt " nng ^ «« have 

The significance of these developments is that management is 

in a dial Tn judgl " ^ uickl y b y ^ecly parficipating 

m dialogue with the computer. The improvement is not shnply 

m speed; it ‘s in the ability to arrive at a better answer by testing 

and modifying analyses as the problem-solving process takes place 

he computer challenges management to control its apphca- 

tton and to use it to sharpen the competitive edge. The challenge is 

2"z“ <"*«*• -A ”xi: 


MANAGEMENT performance 

Ii!n>rrs l alL t h Chni ' al achievement - the com puter revolution in 
United States business is outrunning expectations. As a stmerclerk 

the computer has more than paid its way. However, the areas (such 

as administrative and accounting systems) in which most compa- 

mes have concentrated their computer activities are also tho7 
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„ he « ihe m .m (and »me ofmilt) to f " 

1,1 mounting compute, „pen«u,e. often no longe, 

matched by rising economic returns. 

This situation is all the more paradoxical in that we have bar y 
begun to tap the real potential profit of computers. Improved end 
results can most often be obtained through better manageme 
information and control. However, applying the new 
science analytical methods and computer techniques to overaU 
problems of corporate planning and strategy may not be easy. Sue 
applications require a thorough analysis of mterfuncttonal prob¬ 
lems, sound and realistic planning, and adequate personnel £ 
sources Nevertheless, until the computer is put to work where th 
“verlge on profits is highest, lost profits and mtssed opportunities 

W There are three basic questions that the executive must ask m 
order to effectively apply management science to his “ W * 
problems. They pertain to getting the management science an 
computer system efforts going in the right direction to allocati g 
resources aid setting objectives, and to keeping the effort on course 

,u«,o„. * -«£«£££ 

nomic and strategic factors in my business, and how can 

new techniques to improve decisions in those areas. 

Top-management participation in and guidance of any sign. - 

Lnugumen,,»« pro*. » ££ 

suiting information system will be focused on the critical factors 

that significantly affect the end results of the business. p 
management guidance is also essential because of the interac¬ 
tional nature of comprehensive management information systems. 
The highly sophisticated, model-based information systems must 
2 info account, analyze, and coordinate not only factors across 
several functional areas within the company but also the environ¬ 
ment in which the company operates. For example, pricing deci¬ 
sions, as we have seen, require information on such factors as direct 
and indirect manufacturing costs, available plant capacity, o 

de :^ 

to coordinate and focus an effective information system effort. 
Computer department staffs-though they may be superbly 
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- ntlng ever 

porate computer efforts. For instance a technic X C ° r ' 
be a sophisticated computerized accounting system- butX 

™;« r~ .-v*—” “*-» 

;™T„ «“ pte o,, " e 

neared to h , * d a PP rove a proposal for what an- 

gnus 

turLddo^X proposal bye" 7^ reqUeSt ' ^ president 

^Sn&KSr •" d ” ■« -L 

When management does provide persnective and „ -d 

efrotl „ j, '"“r: 

company problems. One agricultural X^ s *gntficant 

for examnle h ■ , a S ncultural chemicals manufacturer, 

example, has actively begun the development of a man 

agement information system to aid planning and resources alloca 

t =“ Lr ~ — 

Another company, faced with competition from many small 

= 5 * 1 - 7 -^^ 
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To repeat: management’s involvement with, and understand¬ 
ing of, the end results and the manpower and time required to 
achieve those results is essential to provide adequate guidance and 
direction to the information systems effort. The payoff &om so¬ 
phisticated information systems can no longer ^-ckoned i 
terms of clerical personnel saved or inventory reduced a her U 
must be reckoned in terms of management s estimate o 
of far better ways of making the company s most crucial dec- 

'"The second major questton executives must ask is: “How can we 
evaluate our overall management science and computer sys e 
plans and keep them up to date?' This involves first assessingin¬ 
dividual projects in terms of costs, benefits, and ris s 
assessing how they relate to each other. Each project nee no 
economically justified in itself: it may be required to provide the 
base for su Je^uem payoff work. For example, the development of 
adequate cost information usually is a key part of a ni^eung 
management information system. In many com P“ ,e ’ f 

ment of such an adequate data base is a necessary first step in 
building of a management information system. 

Thus 8 a major task in effectively using the new techniques 
tegrating projects into an overall plan-fitting the pieces ° 
gether. L overall plan should be made up of many individual 
projects that are ranked according to priority and organized 
around a common set of goals and objectives. The plan would set a 
timetable for the next five years, outlining results that will provide 
short-term and intermediate, as well as long-range, payoff, 
would outline manpower requirements and resources and set up 
schedule for hiring and training personnel. New hardware a 
new techniques may cause the long-range plan to be modified bu 
to operate without such a plan is costly and leads to disappointing 

^Obviously, all the management science approaches so far de¬ 
scribed are implemented by similar kinds of information system , 
since each requires certain systematic ways of gathering, analyzing, 

L —U Mo— T„« p™n„a 

apply some techniques and run the systems using nothing.mo 
than pencil and paper or desk calculators-which are, m facb 
adequate for extremely simple applications. Such means could also 
be considered for applications of moderate or extreme complexity, 
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because the end results may be extremely valuable. On the other 
hand, the difficulty in achieving requisite accuracy, timeliness, and 
completeness could jeopardize the successful implementation of 
any such complex effort. (This is why so many early management 
science efforts were abortive despite soundly conceived models.) 
Thus, computers are used not only because they make such work 
less expensive to do by whole orders of magnitude (similarly, busi¬ 
ness communications are no longer sent by individual carrier, as 
they all were once); more important, they make much of the work 
feasible in the first place. Companies that have successfully applied 
the new management science approaches have generally made ef¬ 
fective use of computers. They have also attacked and resolved the 
problems of personnel and management understanding and 
participation. 

The final question that executives must ask is: “Given a com¬ 
puter systems plan that has been developed to capitalize on the key 
economic factors of our business, how do we ensure the success of 
the plan?” The answer lies in personnel. A capable man is needed 
to lead the effort. He must be able to win the respect and confi¬ 
dence of top management, to attract competent people to his staff, 
and to use them effectively. He must understand computer tech¬ 
nology but not be infatuated with it. He must make the technology 
work for the company and not use the company’s resources merely 
to support an elegant systems effort. He must have management’s 
support in developing a program to build up the personnel ca¬ 
pability necessary to carry out the plan. 

This, in sum, is what is required to make management science 
really function as an instrument for decision making that is of es¬ 
sential competitive significance to the company, and to realize the 
method’s enormous potential. This is what it takes to wake up the 
giant and set him to work. 

Curiously enough, the problem of effective computer usage does 
not stem from lack of its availability, capability, or economy. Most 
businessmen already have computers in their organizations; these 
computers perform many routine accounting and paper-handling 
operations. But, as we have seen, these laborsaving devices are 
capable of performing far more significant functions. To demon¬ 
strate what can be done, let us examine further examples of 
progress and future potentialities in the combination of computers 
and management science. 
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EXAMPLES OF PROGRESS 

In all the offices of United Air Lines across the nation, the 
typewriter-style keyboards and video display tubes of some 2,000 
“terminals” send and receive vital business information through 
three large-scale computers. Most of the enormous volume of traffic 
put through the system—which accommodates up to 140,000 
transactions an hour—consists of such operating intelligence as 
passenger reservations, cargo shipping orders, sales records, and 
billing details. However, the coast-to-coast network also continu¬ 
ously solves a number of resource-allocation problems in the “real 
time” of actual operations—among them, aircraft routing and 
scheduling, aircraft maintenance and overhaul control, cargo 
scheduling, and assignment of flight personnel (besides keeping 
accounting records, flashing flight and weather data on demand, 
and planning and ordering more than 15 million passenger meals 
annually). 

Though United has developed one of the newest of these very 
large airline networks, American Airlines was the first to install 
one. Its well-known SABRE system, which performs many of the 
functions carried out by United’s system, cost $30 million to install 
in 1962 but went into the black in 1964 in terms of direct savings 
and was reported to have made a net profit of $4 million in 1965. 
Many other major airlines, including Pan American, Delta, Trans 
World, Eastern, Northwest, Braniff, BOAC, Air France, and 
Alitalia, have installed similar systems. 

Leading firms in various other industries have introduced simi¬ 
lar systems in which a large number of terminals share the working 
time of today’s huge-capacity, ultrafast central computers. For ex¬ 
ample, to handle data on its 29 million policyholders, Metropoli¬ 
tan Life Insurance Company has more than 800 district-office 
terminals connected to dual central computers. 

Standard Oil Company of Indiana, one of the first firms to use 
management science models both to optimize automatic refinery 
operations and to evaluate corporate strategy, recently completed a 
versatile management information network. The system links 
managers at each of more than thirty-five operating locations in 
the United States and Canada with computer centers in Chicago 
and Tulsa. In addition to its regular bulk of operating messages, it 
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includes an oil movements model deployed by a product transmis¬ 
sion subsidiary, Service Pipe Line Co.; well-drilling programs to 
organize masses of physical and cost data to aid engineering judg¬ 
ment; and strategy guides for policies on developing oil reserves 
that give optimum answers to such questions as how much 
prospecting acreage to hold under lease, what level of exploratory 
effort to mount, and how many trial wells to drill. 

To record and plan the most economical movement of all roll¬ 
ing stock, Southern Pacific Railway uses a $30 million time¬ 
sharing system that links computers and terminals by microwave 
radio. This one-company system is due to be supplemented, as we 
noted earlier, by an industry-wide net that is being developed for 
introduction m 1969 by the Association of American Railroads 
(AAR). The AAR’s Telerail Automated Information Network 
(TRAIN) will keep track of all railroad cars in the country, and is 
expected to increase their utilization by 25 percent—the equiva¬ 
lent of adding another 450,000 cars. 

In finance, time-sharing systems wuth extensive present manage¬ 
ment uses have been developed. White, Weld & Co., a big New 
York brokerage house, has mapped out a time-sharing system that 
makes available at multiple terminals basic financial data on each 
of hundreds of companies along with a great many programs for 
analyzing the data relative to investment possibilities. Since 1965 
the Ticker-Quotation Computer System has been transmitting re¬ 
ports of all transactions on the New York Stock Exchange. It serves 
as the data source not only for the trading-floor printers and the 
ticker network but for a time sharing system through which up to 
1,000 subscribers at remote locations can get, via private telephone 
line, a machine-generated voice report on the current status of any 
listed stock. A time-sharing network of special “readers” located 
around the floor of the exchange also provides the system’s input. 

Many-layered hierarchies of interconnected time-sharing 
systems are envisioned as part of a vast development gathering 
force in banking and finance, a development that a number of 
popular articles have described as leading to “the checkless soci¬ 
ety” in America. Officers of the Federal Reserve Bank of New York 
and of the American Bankers Association have called the develop¬ 
ment inevitable, and the association has commissioned a team of 
experts to conduct research on how already existing components 
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would be combined into vast networks so that purchasers could 
authorize charges on their accounts electronically at their offices, 
homes, and purchasing points. Clearly, banks, with their regular 
and continuous exchanges of data with large numbers of corporate 
and individual customers, are an ideal focal point for the concept 
of a computer “utility,” whereby such customers also become po¬ 
tential users of the bank’s large central computers for a host of in¬ 
dividual and business applications. Thus, computer power poten¬ 
tially can become as commonly available as electric power, water, 
or any other utility. 2 

Outside the business world, elaborate time-sharing systems for 
managing operations have been developed by the U.S. military 
forces—for example, the Air Force's SAGE (Semi-Automatic 
Ground Environment) system, which since 1958 has guarded 
against surprise air attack and stands ready to guide defensive ac¬ 
tion; the tactical data systems of the Marine Corps and of the Navy 
(transport and logistical data systems); the Army's master Command 
Control Information System 1970 (CCIS-70) under development as 
a consolidation of many existing component systems; and a variety 
of post-SAGE Air Force systems, such as the Strategic Air Com¬ 
mand Control System, the Ballistic Missile Early Warning System, 
and Space Track for satellite monitoring. 

The wide acceptance of time-sharing services is indicated by the 
rapidity of their growth. In early 1969, time-sharing companies 
operated nearly one hundred computers serving more than 7,500 
terminals, and their number continued to grow at an increasing 
rate. One of the largest firms in industry, the General Electric 
Company (GE), estimated that its thirty-one centers served 50,000 
people in sixty-one major cities in the United States and Canada. 
Average GE charges were $10 per hour of use per terminal, $2.40 
per minute of computer use, and a varying fee for each unit of data 
bank storage used. An approximate minimum monthly computer 
service charge is $100. 3 


^ The time-sharing services actually in operation today are sU " far d * 
however, from the “computer utilities” that lie in the future. Such t.l, 
will enable users to have fast remote access to very large computers, along w h 
private (their own or others to which they have legitimate access) and public 

data banks on a national or worldwide basis. 

3 In addition, of course, to charges for leasing the Teletype terminal, and 
the telephone service involved. 
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As a business in itself, time-sharing service is very much on the 
upswing. Estimated at over $140 million in 1969, it is forecast to 
reach $1.0 billion in 1973. Consequently, competition is becoming 
ever ercer. Already three of the major manufacturers—IBM, 
ontrol Data, and GE—have established chains of time sharing 
service centers. In addition, some of the time-sharing companies’ 
biggest customers are entering the business. Major aerospace firms 
for instance, whose monthly time-sharing bills run up to $50,000 
are considering setting up their own systems to convert this source 
of expense into one of profits. In addition, switching services 
presents little difficulty to the customer. Because most services use 
standard Teletype terminals, a customer has only to dial another 
number to get a different service. Some big users may subscribe to 
five or six services, each best qualified for a given job. As a result a 
potential subscriber who shops around can obtain service well 
suited to his needs at reasonable cost. 


THE MANAGEMENT SCIENCF 
POTENTIAL OF TIME SHARING 

American businesses are just starting to implement management 
science techniques through time-sharing networks and computer 
systems. However, the basic systems along with the needed tech¬ 
niques and economic basis for their use by executives already exist 
throughout the country, in diverse forms, and in massive ar¬ 
rays. These large-scale time-sharing systems have grown out of the 
explosively rapid progress of computer hardware and techniques 
over the past few years. An equally explosive growth in the use of 

these systems in business management is unquestionably under 

way. ; 

Though their management science use thus far is still largely 
potential, this potential is so great and so decisive for competitive 
advantage in (oday’s business environment that any chief execu¬ 
tive who ignores it is endangering his company. Development is 
rapid in this area, and some businesses will surely discover that by 
the time their competitors are reaping the benefits of running 
management science applications on time-sharing systems, it will 
be too late for them to catch up. 

Four causes underlie the potential of time-sharing systems for 
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improving business performance. First, as mentioned befoie, they 
make the benefits of management science methods implemented 
by large-scale computers readily available to small-scale operations 
of any kind, whether those operations be independent small busi¬ 
nesses or autonomous parts of large corporations. As a result, many 
small organizations that had thought the new techniques uneco¬ 
nomical will increasingly implement changes in operations along 
management science lines to try to realize maximum profits at 
minimum costs. Low-cost accessibility of sophisticated computer 
services through time-sharing terminals will inevitably bring this 
about. 

The impact of instant, universal availability of computer service 
on a business (or on an entire industry) was commented on by an 
executive of Standard Oil of Indiana, following installation of a 
large time-sharing system: 

Managers of every major department in our company are analyz¬ 
ing in detail the basic functions of their departments, taking a fresh 
look at their operations for computer purposes. Such analyses re¬ 
duce departmental functions to their basic framework. This results 
in the most efficient application of computers, and their most effec¬ 
tive use in carrying out these functions better. 

Second, use of a time-sharing system to gather, process, record, 
and transmit all varieties of operating information—production, 
distribution, and marketing data—for direct operating payoffs 
automatically provides much of the basic input for management 
science analyses. The formidable task of first collecting such basic 
information and converting it to computer-usable form has often 
been an awkward and costly hurdle for management science stud¬ 
ies. But once a time sharing system routinely compiles all operat¬ 
ing information from basic transactions—as in the case of today’s 
airline reservation systems—the initial buy-in cost of applying 
management science drops, because large amounts of both basic 
detail data and the significant patterns into which they fall are al¬ 
ready in the machine, ready to go. 

Third, large-scale time-sharing networks can return profits from 
on-line application of management science methods and models to 
improve operating results in the fastest-moving areas of a com¬ 
pany’s sales. And these systems can prove still more productive for 
businesses that operate entirely in very fast-moving markets. Con- 
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sider, for example, a sales forecasting system that one company has 
installed, which includes hundreds of economic time series, to 
gether with a family of analytic programs, enabling the user to de¬ 
velop his own approach to his particular problem. All major sales 
executives of the company have direct connections to the forecast¬ 
ing system through terminals of their own, as do the principal fi¬ 
nancial and production managers. Each sales manager regularly 
compares results for, say, his product line with the forecasts and 
constantly adapts his marketing strategy within corporate policy 
inputs to attempt to optimize profits from sales. In addition, inter 
actions between strategies for different product lines are explored 
and set for fullest profitability; meanwhile, crucial inputs from 
financial and production centers automatically modify the con¬ 
stantly refined sales forecasts and strategies, while the sales fore¬ 
casts in turn serve as inputs for shaping financial and production 
planning. We have seen in Chapter 9 how important these com¬ 
munication links are, even in the simplest case. 

As this example indicates, the scale of results that can be at¬ 
tained through optimization techniques is magnified by the 
capability of (1) a time-sharing system to combine computer 
power, communications, and stored arrays of operating data, and 
of (2) proven management science models to quickly serve a widely 
dispersed management group. 

Further, to capitalize on trends, time sharing can reduce the 
time lags even more between fast-developing market trends and 
companies’ reactions. For example, as we indicated earlier, a manu¬ 
facturer of highly seasonal style goods found that profit contribu¬ 
tions from each price line increased by from 30 to 100 percent for 
each day saved in responding to demand trends for different styles. 
Market monitoring through time-sharing networks can cut such a 
company's response time to intervals as fine as minutes—and can 
sensitively differentiate market trends in different geographical 
and other sections—to improve end results still further. 

Fourth and last, time sharing converts the computer into a per¬ 
sonal tool available and responsive when needed. The implica¬ 
tions for management and management science applications are 
enormous. For one thing, the computer and all its stored, up-to-the- 
minute operating summaries, analytic programs, and models be¬ 
come, in effect, an inexpensive and extremely efficient laboratory 
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in which to experiment with new ideas. An executive can easily 
modify programs and data through a terminal directly available to 
him and his staff so that different approaches can be investigated 
quickly while previous steps are still fresh in his mind. A manager 
is thus enabled to play an active, creative, interacting role combin¬ 
ing the best of his intuition and experience with the best possible 
basic information supported by the best management science 
methods. Managers so equipped will already have taken steps to 
capitalize handsomely on emerging trends that competing man¬ 
agements proceeding in traditional ways might not even be aware 
of until much later. 

Large-scale time-sharing systems, in summary, have already been 
extensively developed in limited sectors and applications in busi¬ 
ness. Today, they are on the verge of finding widespread use in the 
management of enterprises of all kinds and sizes. Sooner than is 
commonly expected, time-shared computing in one form or an¬ 
other, from in-house or outside utility facilities, will certainly be¬ 
come the central technology for all administrative activities of 
American business. And management science models will just as 
certainly find wide applications through such systems. 

The speed with which these developments are becoming reality 
stresses the urgent need for the majority of executives who have not 
done so to start developing time sharing and other computer capa¬ 
bilities very, very soon within their own companies. As the next 
chapter explains, effective capabilities of this kind take years to 
develop, and such projects face difficult problems. Nevertheless, 
the effort will prove not merely advantageous but essential. To¬ 
morrow, a company using only present conventional methods 
against the sophisticated skills of its competitors will have as much 
chance of success as the searcher in a game of blindman’s buff. 



CHAPTER 


11 

The Task for 
Management 


JJ is clear by now that the computer is here to stay as 
a powerful tool intimately involved in nearly every phase of the 
management process. It is equally evident that anticipating new 
developments ,n computer technology and knowing how to apply 
them to corporate needs has become a vital management responsi- 
h'luy, and that the models developed through effective use of 
management science methods imply the application of computer 
systems for their effective implementation. Profitable use of 
management science techniques thus goes hand in hand today 
with successful development of suitable computer systems. Systems 
analysis and development has joined the other vital areas of cor¬ 
porate decision making for which the buck stops at the topmost 
management level. 

Has management lived up to its responsibility and realized the 
computer's full potential? The answer, too often, seems to be 
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“no.” Faster, costlier, more sophisticated hardware; larger and in¬ 
creasingly expensive computer staffs; ever more complex and in¬ 
genious applications; they are in evidence everywhere. Less and 
less in evidence, however, as these new applications proliferate, are 
profitable results from the computer installations themselves. 

What has gone wrong? The answer, all too frequently, lies in a 
failure to adapt to new conditions. While the rules of the game 
have changed, management's strategies have not. 

It is not hard to see how this situation has come about. Less than 
a decade ago, when applications were simple, management could 
afford to leave the direction of the corporate computer effort 
largely in the hands of technical staff people. That time, however, 
is past. Applications today are not only more complex but also 
considerably more far-reaching in their impact on different op¬ 
erating departments. Yet the identification and selection of new 
computer systems are still predominantly in the hands of computer 
specialists who, despite their professional expertise, are poorly 
qualified to set the course of the corporate computer effort. The 
prime importance of new applications is no longer an issue that 
management can ignore, for it is affected by complex economic 
and operational questions that the staff specialists are unequipped 
to answer. Yet many managers, far too many, are still leaving the 
initiative to the computer professionals. At the same time, they are 
neglecting their own responsibility for setting the direction of the 
company systems development efforts. 

In recent years, more than one executive has asked, in effect: 
“Why do we really need computers? Why can’t we wait until some¬ 
one else has developed the applications and then hop on the band¬ 
wagon?” The answer, of course, is that the bandwagon is already 
rolling pretty fast, and the company that waits to hop on is likely 
to find itself left behind in a cloud of dust. Some companies 1 
start early enough, did develop resources of personnel and know¬ 
how, did learn how to integrate the computer with their manage¬ 
ment processes—and, as a result, already enjoy a significant com- 

petitive edge. , f 

The real reason why the computer must be used—and used et- 

fectively—is as simple as this; If anyone uses the computer effec¬ 
tively, then everyone will have to use it or fall behind. In a way, the 
computer is very much like a new and more efficient production 
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tool. If no one has it, then no one needs it. But if one company in 
an industry gets it, then all the rest are at a disadvantage until they 
follow suit even though the costs of the new tool may be very 
steep in terms of investment, training, manpower, or management 
education. All these, of course, are crucial problems in the case of 
the computer. 

As a result of top-management failures to guide the systems de¬ 
velopment effort in a tough-minded and effective manner, the 
prime objective of many corporate computer departments is still 
administrative systems refinement and the reduction of clerical 
costs. These are the areas where so much work has already been 
done that the point of diminishing returns has been reached for 
many new applications. These ill-justified expenditures of money 
and personnel resources, however, are insignificant compared to 
the opportunity costs. Though it has transformed the administra¬ 
tive and accounting operations of United States business, the com¬ 
puter has had little impact on many companies’ key operating and 
management problems. Yet, as we have seen, this is precisely where 
the potential for application of management science techniques 
and for maximum profits lies. 

The computer is an established fact of life—perhaps, the fact of 
life—in most businesses of any size today. Of every $1 million that 
business laid out in new plants and equipment in 1969, approxi 
mately $100,000 was going for computers and associated hardware 
For every dollar an average company spends on equipment, it 
spends close to $2.00 on people and supplies; and the payroll com¬ 
ponent is rising far faster than the equipment rental bills. Thus, a 
company that is paying as little as $125,000 a year to rent equip¬ 
ment of very modest capacity is probably spending upwards of a 
third of a million on its total effort. Most of Fortune ’s “500” indus¬ 
trial, financial, and merchandising companies have rental bills 
running into seven figures, and there are also some whose total 
computer outlays exceed $100 million a year. 

Dollars, however, are not a full measure of the computer’s sig¬ 
nificance. Increasingly, computers are affecting not just the cost of 
doing business but the ways of doing business. The very nature of 
management is being shaken and changed. The computer’s power 
as a competitive weapon is becoming evident as some companies 
apply the lessons they have learned the hard way over the past 
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decade. These firms are forging ahead, and it is not going to be easy 
for the others to catch up. 

There is no longer any doubt about it: management cannot ig¬ 
nore the challenge of the computer. It cannot leave all the respon¬ 
sibility to the technical experts. These are lessons of the past. Now, 
management must learn to look ahead and apply these lessons to 
three broad areas—technological, managerial, and personnel 
that promise to be the most critical over the next decade. 


TECHNOLOGICAL 

One of the first technological trends that must be recognized is the 
steadily narrowing cost/capacity difference between computer 
models of various makes. This does not mean, of course, that the 
selection of the right system is no longer critical. It still is and al¬ 
ways will be, but the choice of equipment available to meet any 
company’s requirements has broadened greatly. This is resulting 
in an increasing degree of standardization in hardware features 
and operating costs. These two competitive virtues should be in¬ 
valuable to the corporate planner. This standardization should, 
along with computing power, be even more in evidence in the next 
generation of equipment. However, the real question about this 
equipment is not how good it will be but whether its users will be 
able to make it do the things that will bring about the largest 
payoff. 

The steady increase in the machines’ computing power repre¬ 
sents a second technological trend, as we have seen. Over the past 
five years, the amount of computing power available for a given 
investment has more than quintupled. Over the next decade, it is 
likely to be increased by a factor of ten! We will be getting ten 
times the present performance per dollar invested in the total 
hardware configuration, including memory, logic circuits, mass 
storage, and input/output/display operations. This, of course, 
means that many applications now considered impractical will be¬ 
come economical. In other words, it is becoming increasingly un¬ 
economical not to apply the computer to many production plan¬ 
ning, scheduling and control, marketing, forecasting, and facilities 
planning problems. 

Quite a few companies started to do this sort of thing a number 
of years ago, only to find that they were really “computer bound” 
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-that th e ap p l icati ° ns were not within the tec h„ological ca . 
pabtlmes of their current hardware. So their work was, in most 
cases unsuccessful. Yet they did gain in other ways. They gained 
people with experience in dealing with these problems and with 
he talents necessary to perform the systems analysis and develop 

software that must underlie these applications. And now the 
hardware has caught up. 

The third trend that must be recognized in the area of technol¬ 
ogy is the steep rise of analysis and programming costs. Already, on 
a national basis these costs have soared to a point where they ex- 

sTeht a c to ;; 1 h hardw r operating ^ en d is not in 

Ight. As will be seen later, this situation is aggravated by a short¬ 
age of programmers and systems analysts, a shortage that is begin¬ 
ning to loom as one of the greatest problems facing management in 
he computer area. For the moment, it is important to recognize 

developing computer programs is a task comparable in scope 
to building the machine itself. ^ 

tod^h’ !fT e ^ thg ^ t0 6ffeCliVe C ° m P Uter aerations 
today. The development and use of languages, processors, and 

mpilers is crucial. The past ten years have seen the development 
o a num er o important concepts in programming. First, man- 
machine communications are not restricted to machine languages- 
computer languages similar to the ones used in ordinary problem 
solving can be developed, thus bringing the man-machine dia¬ 
logue closer to practical reality. Second, it has been recognized that 
no one language will suffice to cope with the broad spectrum of 
problems faced by management. Third, there is a growing need for 
a universal interconnecting language. Fourth, the ability to easily 
n out ertois m and make changes in programs may be the most 
important-as well as the most neglected-part of the problem- 
so ving process. Fifth, a computing facility is fundamentally an 
automatic information retrieval system-a system that requires 
the development of a satisfactory data base before any manage- 
ment apphcat ion will really work. 

s.aIf he i i f tr ° d,,Cti0n ° f time - shared computer systems also has sub¬ 
stantial future implications, as described in Chapter 10. Manage¬ 
ment will have faster access to strategic information and an imme¬ 
diate means of analyzing that information. This, of course, does 
not mean that man-machine dialogues via desk side consoles are 
likely to become a feature of life in the executive suite within the 
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foreseeable future. Top management’s “interface” with the com¬ 
puter is likely to be nothing more exotic than a telephone, with a 
human information specialist at the other end of the line. What 
counts is not the sophistication of the interface but the responsive¬ 
ness of the computer-based system to management’s information 
needs and the quality and timeliness of the information it can pro^ 
vide. Here, without a doubt, is a major area where realization of 
the potential of the computer is only beginning. 

It should be noted here that intercompany as well as mtracom- 
pany information systems are fast becoming reality. For example, 
it is quite feasible for computers installed in the headquarters of a 
retail grocery chain to communicate directly with the computers ot 
wholesalers and manufacturers. Once the crucial policy decisions 
have been made, orders and inventory levels will be controlled 
directly, without direct human intervention in every transaction. 

The practical lesson to be deduced by management from these 
developments is that the chief problem is no longer hardware but 
“supersoftware." The greatest need is for the skills with which to 
analyze the total operations of a company in order to develop pro¬ 
grams for those segments that are susceptible to interacting in or- 

mational control. 

These technological trends will continue in the next decade. 
They will bring irresistible pressures to bear on many manage¬ 
ments to make effective use of the computer. 


managerial 

What are the managerial consequences of these technological 
trends—some of the other forces at work that affect the manage- 
ment of the computer effort? 

Computer technology permits the creation of an information 
network which, like the human central nervous system, is not 
merely a network of communicating cells but essentially a unifying 
mechanism for the organization of experience. This means increas¬ 
ing coordination of operations, revising the historical tendency to¬ 
ward progressive fragmentation and subdivision of the organiza¬ 
tion that made mechanization and rationalization of production 
possible in the past. 

Consequently, top management comes under the greatest pres- 
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sure As Business Week recently pointed out, middle management, 
at from losing its place to computers, has flourished—thanks in 
part to the computer itself. But the predicament of top manage- 
ment is acute. In Marshall McLuhan’s words, 1 

The acquiring of new basic knowledge and skill by senior execu¬ 
tives in middle age ,s one of the most common needs and harrowing 
facts of electronic technology. The senior executives are among the 
raidest pressed and most persistently harassed groups in human 
history. Electronics not only requires far deeper knowledge and 
aster interplay, but has made the harmonizing of production 
schedules (and marketing introductions and advertising schedules) 
as rigorous as that demanded of the members of large symphony or¬ 
chestras^ And, the satisfactions are just as few for the big executive 
as for the symphomst, since a player in a big orchestra can hear 
nothing Of the music that reaches the audience. He gets only noise. 

Overriding the challenges of changing technology is top man¬ 
agement's growing need to grasp the full dimensions of its own job 
in the computer era. The chief executive and his immediate subor¬ 
dinates have to learn once and for all that if the computer is to 
prove a useful and profitable management tool, it must be put to 
work in the strategic areas of the business. This cannot be accom¬ 
plished by delegating the problem to technical experts or to 
trained middle managers. Top management must subject itself to 
disciplines that until now it has often sought to avoid 

Yet there are hopeful signs of a growing willingness to learn and 
a growing realization that the job of self-training is only half done 
when the language and the basic concepts of the new technology 
have been learned. Some top managers have understood what the 
pioneering companies have accomplished through computer ap¬ 
plications. They are now seeing the problems and needs of their 
enterprises in a new light and are working to match these needs to 
the growing resources of computer technology. 

Specifically, the experiences of successful managements indicate 
t at the following five propositions are crucial for the full exploi¬ 
tation of the very large potential of computer systems as partners in 
the management process. 

Proposition 1. There exists, explicitly or implicitly, a computer 
p an in every company. This plan may be to stay out of computers 

Media. McGraw-Hill Book Company, 
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completely, to go after large-scale integrated applications, to tie 
various elements of business techniques into a tight comprehensive 
network, and so on. This is not necessarily a detailed installation 
and implementation plan but, rather, something like the market¬ 
ing plan, the manpower development plan, the profit plan, or the 
production plan of a company. The computer plan should be de¬ 
veloped and controlled just like any other significant plan. It 
should include full provision for coordinating corporate objec¬ 
tives, external and internal economies, resources and capabilities, 
organization, and the current state of the art. 

Proposition 2. In developing such a plan, management is com¬ 
mitting its company to a course of action that will be binding for 
some time. For example, some chief executives decided a few years 
ago to wait out the computer revolution until things were settled 
and straightforward. They have now found that, for obvious rea¬ 
sons, their decision has greatly complicated early use of third- 
generation equipment. At any given stage in the progress of a com¬ 
pany’s managers along the computer systems path, there is a 
unique time horizon to which they are effectively tied. Conse¬ 
quently, early starts and intensive catch-up efforts can realize a 
marked advance in a company’s time horizon, and hence its com- 
petitive advantage. 

Proposition 3. The impact of a company’s computer plan is felt 
both internally and externally; it affects both the basic fabric of 
the company’s management processes and the company’s competi¬ 
tive position. Thus, a logistics plan requiring integrated inputs 
from production and marketing can change the way in which key 
decisions are made in these areas. Likewise, changes in the meth¬ 
ods of production scheduling, invoicing, and billing not only af¬ 
fect internal processes but have a direct impact on the customer. 

Proposition 4. The classical corporate functional organization 
frequently hinders the implementation of a corporate systems 
plan. A corollary to this proposition, itself closely related to the 
three previous points, is that the computer may make possible a 
substantially different approach to corporate organization by pro¬ 
viding data for common use as well as different kinds of access to 

information. 

Proposition 5. For the foreseeable future, what a company can 
accomplish with its computer effort in a given period of time will 
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be severely limited by available personnel resources. As a result of 
personnel shortages, management will have to place increasing 
importance on selectivity in applications, caution in projects, and 
sharpness in direction. 

These propositions, distilled from discussions with many chief 
executives, management personnel, and data-processing and sys¬ 
tems leaders, suggest why top management is being forced to in¬ 
volve itself increasingly in the examination, approval, and control 
of computer plans. This represents a great challenge to a conscien¬ 
tious executive. He has found himself engaged in a game where he 
has had little experience and is certainly not an expert. Let us 
briefly examine the steps in this game. These are the key steps in 
the development and implementation of effective computer 
systems. 

STEPS FOR IMPLEMENTING 
COMPUTER SYSTEMS 

Five major steps are required to install a computer-based informa¬ 
tion system: (1) identification of problem areas and analysis of 
needed planning, decision, or control models; (2) system defini¬ 
tion; (3) system design; (4) system production; and (5) system 
support. 

Figure 11 1 summarizes the tasks required to carry out each of 
these steps and indicates the ongoing project management func¬ 
tions that must be performed throughout this five-step process. 

Step 1—Identification of need. Information systems are devel¬ 
oped or changed because management requires better information 
to strengthen planning, decision making, or control. In some cases 
this need may be uncovered as the result of an economic analysis of 
the industry and of the company’s position in that industry. In 
other situations, the need for an information system may stem from 
a major ongoing function that must be performed. For example, 
the SABRE system at American Airlines or the credit card system 
of major oil companies was initiated to carry out important func¬ 
tions in each company as well as to provide information to the 
company’s management. When the problem areas are identified, 
the role that models should play in the contemplated system must 
be analyzed. 
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This first step is completed when the need to develop or improve 
a computer-based information system has been accepted and when 
the broad requirements and the models needed for that system 
have been spelled out. y 

Step 2-System definition. In this step, the requirements the 
system must meet are defined and plans are laid for the necessary 
efforts to meet these requirements. Thus, the activities performed 
at this time focus on (1) identifying all aspects of the requirements; 
(2) tdenttfytng alternative approaches for meeting these require¬ 
ments, (3) estimating resource requirements for each alternative- 
(4) evaluating each alternative’s costs, benefits, and risks; and (5) 
developing a detailed plan for the projects required to complete 
e wor i s we have seen, the users must be deeply involved in 
this step if it is to be accomplished successfully. 

The product resulting from this step is still fairly general. It is 
roug y equivalent to an architect’s rendering but not as specific as 
the contractors blueprints. It outlines what the system will do but 
provides little detail on how it will do it. 

Step 3—System design. In this step, the detailed specifications 
for the system are developed. This process involves; developing 
necessary models; designing all input and output records; deter¬ 
mining the source of data and methods for presenting outputs; de¬ 
termining layout and structure of computer and manual informa¬ 
tion files; identifying and specifying required computer programs; 
so Idtmg bids from computer manufacturers (if hardware is to be 
ordered); specifying, evaluating, and selecting the computer con¬ 
figuration; and designing the communications network 
Step 4-System production. In this step, in which most of the 
man-hours are expended, the development of the system is com- 
p eted. Individual activities include writing computer programs 
(t lese may e contracted for from independent software firms)- 
testing each program; testing the entire system; writing procedures 
for ongoing operation of the system; documenting the computer 
programs used; and converting information files so they can be 
processed by the computer. 

step 5—System support. After a system has been completely 
developed and sufficiently tested, it is turned over to the group 
that will be responsible for operating and maintaining it. At this 
point, it may be necessary to recycle back to previous steps so that 
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the entire system, or individual programs within it, can be modi¬ 
fied to correct problems encountered during its operation. In addi¬ 
tion, this step includes other supporting activities such as training 
appropriate personnel in the operation, use, and maintenance o 
the system. If all has gone well, the system is now in full-scale 

operation. 


THE SYSTEMS PORTFOLIO 

Determining how to use the computer means assessing the indi¬ 
vidual computer applications that constitute the building blocks 
of the entire computer systems effort. Management must have what 
amounts to a portfolio of applications, each of which has been ex¬ 
amined for return, for risk, and for security. There are high-ns 
and low-risk applications, just as there are high-risk and low-ris 
investments. Indeed, a computer application is an investment 
an investment of scarce resources of people, time, and money that, 
even though small, may have great effect. As m any other invest¬ 
ment selection, there should be a preliminary screening step to de¬ 
termine whether an individual application is really worthy of con¬ 
sideration. The application must be seen in light of the key stra-^ 
tegic and economic factors and weighed against the remainder of 
the portfolio. An important application that would require very 
large proportions of available programming resources, or would 
take a long time before payout and thus result in other things 
being neglected, might very well be screened out. The impact of a 
specific application on other applications—for example, whether 
or not it will reduce the net risk, increase the security, or improve 

the net benefits—is critical here. 

A crucial issue in analyzing the adequateness of a specific appli¬ 
cation is the time required to develop and implement it. Another, 
a generally neglected consideration, is the requirements for in¬ 
volvement of nonsystems personnel in the development effort. 

It is essential that an estimate be made of the expected tangi e 
and intangible benefits resulting from the application. What 
profit improvements can be expected from doing this particular 
job? What are the sources of these profit improvements? How long 
will it take to secure them? How can the tangible benefits be tested 
and measured? What are the intangible benefits? 
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Intangible benefits are often both real and substantial. An 
executive who wants to know how to use computers should be in¬ 
formed of the nature of the intangible benefits and of the evidence 
that these intangible benefits are worthwhile. He also ought to 
have estimates on how environmental changes might affect both 
timing and intangible benefits. For example, would a faster re¬ 
sponse to customer inquiries become substantially more important 
if competition were to take certain actions (as has happened in air¬ 
line ticket reservations)? 

Another frequently overlooked form of intangible benefit or cost 
is the possible effect of a particular application on the organiza¬ 
tion structure. Will the proposed application serve to educate 
management to do a better job? Will it serve as an instrument of 
change? Will it cause disruption? 

Chief executives find these questions worrisome and difficult. 
They are anxious to have answers that will enable them to under¬ 
stand, evaluate, and approve the overall computer systems plan. 
Unless they get such answers, they are not likely to supply the sup¬ 
port necessary to the plan’s success. 

THE PROJECT PLAN 

The portfolio of potential systems applications should be assem¬ 
bled into time-phased schedules that will (1) observe the priority 
requirements among the applications; (2) not exceed the personnel 
and hardware resources that are available in any time period; and 
(3) in some sense, maximize the net benefits accruing to the or¬ 
ganization. This issue is very similar to a job-shop scheduling 
problem. 

Whatever method of choosing, sequencing, and scheduling ap¬ 
plications may be chosen to meet these necessary requirements ef¬ 
fectively, management must be able to discuss and analyze a num¬ 
ber of alternative plans with its computer systems leaders. This is 
what happens, for example, in marketing and production. The 
practice is a useful measure of how effectively management pro¬ 
cesses are being applied to computer systems planning. Since man¬ 
agement’s commitment to a plan includes allocation of resources, 
the plan must state resource requirements very clearly and exactly. 
Top management will then understand that a further decision to 
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change the required resources or the selected applications will 
change the plan and the expected payoff. 

A sound computer systems plan must contain several realistic 
milestones or checkpoints at specified intervals. If top manage¬ 
ment is to be willing to commit resources to a major corporate sys¬ 
tems plan such as a marketing or a production plan, it is essential 
for the planner to show how management can check the progress of 
the plan as it unfolds. A plan with a guaranteed built-in feedback 
system is far more likely to be accepted than one without it. Thus, 
a plan should contain milestones at which certain achievements 
should have been reached and at which progress reports will be 
made. These milestones serve a number of purposes: (1) they 
minimize the surprises that can occur when a development effort 
continues for a long period of time without detailed progress re¬ 
ports; (2) they help management identify the reasons why progress 
has not been made according to the plan; and (3) when the reasons 
for unsatisfactory progress have been identified, they indicate what 
appropriate action has been taken. 

Finally, it is common in business planning to have contingency 
plans, since the achievement of certain goals and milestones may 
be dependent on factors beyond the control of the systems man¬ 
ager. These might include, for example, the recruitment of systems 
analysts or the delivery of a software package on a certain date. 
The alternatives under such conditions should be reasonable and 
spelled out in advance. 

Thorough planning is essential. It has sometimes been stated 
that the rapidly changing technology and the tremendous uncer¬ 
tainty involved in estimating manpower requirements and bene¬ 
fits make it next to impossible, and certainly not very fruitful, to 
make a detailed plan for a computer systems effort. Exactly the op¬ 
posite is true. It is precisely because of the changing technology, 
the great uncertainties involved, and the difficulties of estimating 
that it is critically important to develop a comprehensive plan, get 
approval for it, and control progress against it. To do otherwise is 
to run the very real risk of having the computer systems activity 
deviate significantly from the objectives of management and the 
needs of the enterprise. To do otherwise also presents a risk that 
top management will not understand, will not get involved in, and 
will not support the computer systems activity. 
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PERSONNEL 

In terms of immediate practical effects, the overriding issue of to- 
morrow-and of the day after tomorrow-is neither the tech¬ 
no ogical demands nor the managerial problems just reviewed. 

he overriding issue is people; specifically, skilled computer per- 
sonne . They, not the hardware, are the limiting resource. Already 
the supply is far short of the demand, and the gap is widening in- 
exorably. For the foreseeable future, there is literally no possibility 
that there will be enough trained people to go around. The short¬ 
age will be made even worse by the growing staff requirements of 
most computer installations. Typically, computer staffs have dou- 

iQca I''" PaSt fiVe y6arS ' The de P artment that had 50 people in 
1963 has 100 or 115 people in W69, and expects the number to 
double again by 1975. 

To use computers effectively, three kinds of special talents are 
needed. First, management science personnel—operations re¬ 
searchers, systems analysts-must lay out the basic concepts of de¬ 
cision making and information flow in the business and determine 
the means for providing management with critical information 
about alternative decisions and options. Second, computer systems 
analysts must apply these concepts to the detailed activities of the 
entire operation. Third, programmers must take the work of the 
operations researchers and systems analysts and implement it 
effectively with the computer. All three, of course, require special¬ 
ized training, from the Ph.D. degree of the operations researcher 
down to the special schooling needed by the computer programmer. 
And all are in short supply. 

Not including computer operators, there are perhaps 200 000 
qualified computer specialists in America today. (How many of 
these are well qualified is a moot point; some people contend that 
perhaps only 75 percent of them are capable of the kind of work 
that will pay off for management.) A conservative projection of fu¬ 
ture demands for such specialists is that 400,000 or more of these 
people will be needed by 1975: each year 30,000 or more will have 
to be identified and trained. 

Moreover, the scramble for skilled computer personnel in pri¬ 
vate industry , s going to be seriously aggravated by competition 





194 


New Power for Management 

from another quarter. It has already been predicted that the 
growth rate of computer activity in Federal, state, and local gov¬ 
ernments will almost certainly exceed that of private industry in 
the next few years. This, of course, means a further intensification 
of demand for trained management science specialists, systems 
analysts, and programmers in the biggest business of all— 
government. 

Clearly, the competition for talented people will be fierce. And 
because the shortage of programmers and analysts is going to get 
worse before it gets better, the chances are that management s use 
of computer systems five years hence will be seriously hobbled by a 
lack of competent people to analyze applications and program 
their machines. Companies leading the field today will, in al 
probability, continue to attract the best people available, there y 
extending their lead. The rich, in other words, will get richer, 
while the company attempting to build an organization from 
scratch will find itself at a very serious disadvantage at least 
partly because it will have trouble convincing desirable people 

that it is a progressive company to work for. 

But what of the majority? What of the company that, without 
pioneering, already has substantial investment in computer ca¬ 
pabilities and seeks at least to maintain its competitive position in 
this area? Here is where the shortage is going to hurt most—an 
where the search for a solution will be most frustrating and 

difficult. . • . , . 

It is easy to see where the solution does not lie. To begin with, it 

certainly does not lie in pressuring the computer hardware manu¬ 
facturers to provide more and better training courses. They are 
hard-pressed themselves. Furthermore, the ability to produce the 
hardware by no means guarantees the ability to train programmers 
and systems analysts. Even now, most computer manufacturers 
cannot do a satisfactory job of training systems personnel for user 
companies. And the training task is getting no easier. Indeed, t e 
range of new applications opened by the advancing computer 
technology will, if anything, call for higher analytical skills than 
have been needed in the past. 

If the computer manufacturers cannot be counted upon to so ve 
the shortage of trained personnel for user companies, what are the 
alternatives? One alternative might be simply to press lower levels 
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of competence into service. But this approach virtually guarantees 
results of lower quality. It means longer development times and 
probably, in the long run, much higher costs than would be in¬ 
curred by paying a premium for top-quality people. 

A second alternative is to utilize off-the-shelf or packaged appli¬ 
cations. This approach has been only marginally successful in the 
past because too many of the characteristics of each user company 

its personnel, personalities, training needs, forms, procedures, 
regulatory requirements, and so on—are unique. Techniques and 
approaches may be transferable, but the detailed design of an in¬ 
formation system usually is not. 

A third alternative—really the only practicable one, but by no 
means an easy way out—is internal development of the needed 
personnel resources. 

The development of an effective information processing ca¬ 
pability, including competent management science personnel, 
competent systems analysts, and competent programmers, is a 
long-term proposition. No company, regardless of its size, skill, or 
intentions, would expect to develop an effective research and de¬ 
velopment capability in a year or two. Even if the company's very 
existence depends on R8cD, such a capability takes years to de- 
velop. Essentially, the talent and staff can be ''bought” only in very 
small increments. This principle applies equally to the develop¬ 
ment of a strong internal computer capability as it does to R8cD. 
Therefore, management must look upon the buildup of computer 
systems skills as a continuing, necessary, long-term part of the total 
job of using the new tools successfully. 


SUMMARY 

What are the conclusions? As has been seen, three overriding 
factors define the present situation. First, technological changes in 
the computer world and scientific changes in the field of manage¬ 
ment are so rapid and of such magnitude that they blur our vision 
and perspective. Second, there has been a lack of confidence, un¬ 
derstanding, or commitment (or all three) on the part of those 
users who stand to benefit most by all-out exploitation of the new, 
aggressive approaches to the solution of business problems. Third, 
there is an impending famine of trained, experienced personnel, 
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which may prove to be the most critical factor of all in manage¬ 
ment system development in the next few years. 

Nevertheless, constructive action is not only possible but neces¬ 
sary. To begin with, any company hoping to take full advantage of 
the potential and prospective advances of the management sci¬ 
ences and information processing technology should think in 
terms of a five- to ten-year program. No shorter time span and no 
shorter planning perspective will suffice to build up a capable 
staff, to study potential applications and evaluate their economics, 
to develop the models, to design the systems, to program, test, 
train, and convert—perhaps with a hundred or more individual 
applications—the pieces that make up a coordinated computer- 
based information system for management. 

In a sense, what is involved here is the development, marketing, 
and application of a highly complex technical product. This de¬ 
velopment and marketing effort entails so many sheerly mechani¬ 
cal problems of design, training, and conversion to new ways of 
doing things, that the energy it requires must necessarily be cou¬ 
pled with patience. Attempts to short-cut this development cycle 
have met with disaster many times in the past and are likely to be 
even more perilous in the future. 

But most of today’s laggard companies must make a beginning, 
and make it soon. Because of the rate at which the talent shortage 
is worsening, the action the typical company takes within the next 
year or two can determine its competitive advantage or disadvan¬ 
tage in this area for a long time to come. 

The problem of overcoming the personnel bottleneck, in partic¬ 
ular, is certain to compel the reexamination of many priorities. 
Any workable prescription will necessarily involve three basic 
steps. 2 

1. Begin by hiring or transferring the most capable individual 
who is available to lead the management science and computer sys¬ 
tems effort. Choose a man in whom top management can place its 
confidence—a man who will attract capable people to his staff 
and will be able to employ them effectively. 

2 These steps are described on the assumption that management science and 
computer systems are part of the same organizational function. This is likely to 
be the best alignment, but if the systems are separate functions, these steps 
should be applied to each. 
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2. Provide the function with high organizational stature and 
op-level relationships. Because of the function’s interfunctional 

impact and its potential importance to the chief executive, the 

manager in charge of management sciences and computer systems 
must report directly to him. 

3. Giy optimum support to planning, staffing, and implement¬ 
ing a long-range program of management information and 
dectsion-maktng applications. Adjust the computer systems plan 
as necessary to reflect new and better hardware, new areas of inter¬ 
est to the company, and advances in the techniques of system de¬ 
sign. But do not try to operate without a plan. This will almost 
certainly mean being forced into a reacttve posture that will prove 
in the future-as it has in the past-to be both futile and costly. 

Companies that might be tempted to hold back and wait for the 
situation to stabilize should examine the facts carefully There is 
no reason to think that stability is anywhere in sight. It seems most 

“ n ‘ £ y ’ m fact ’ that the management-sciences information- 
processing technology will ever be stable enough to make decisions 
comfortable. But this situation is not, after all, different in kind 
rom others that top management has learned to conquer, or at 
east to cope with, in the past. In a sense, the chief executive in 
business faces similar dynamic problems every day. To be sure the 
problems brought on by the emergence of these new fields are ex¬ 
ceptionally severe. But the search for an adequate solution is not a 
seat ch fora fixed object. It is a search for a temporary adjustment, 
a a ance etween uninspired stability and unnecessary risk. This 
talance must be sought in a medium of rapid flux. But flux, after 

all is the medium in which the greatest management victories are 
achieved. 
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Ackoff, Russell L„ and Patrick Riveu: d Manors Guide ,o Operations Re- 
search, John Wiley 8c Sons, Inc., New York, 1963. 

The title describes this book perfectly. The book is nonmath 
ematical and the authors are leaders in the field. The exposi¬ 
tion is clear and the book is filled with examples drawn from 
the experience of the authors. 

Beer, Stafford: Decis.on and Control, John Wiley Sc Sons, Inc., New York, 1967. 

This book presents the author's ideas about the future devel¬ 
opments of operations research and the implications of t 
development for business and society. It uses no mathematic 
whatsoever. However, the reader will find that it requires con¬ 
stant, careful thinking to follow the argument. 

Burck, Gilbert: The Computer Age, Harper 8c Row, Publishers, Incorporated, 
New York, 1965, 148 pp. 
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Emory, C. William, and Powell Niland: Making Management Decisions, 

Houghton Mifflin Company, Boston, paperback, 196 . 

This fine book presents many of the explicitly mathematical 
techniqites of operations research without using any mathe- 

five excellent preliminary chapters on formulating OR prob 
lems properly. 

Fulcher, Gordon S, Common Sense Deeis,on Making, Norlhwes.ern University 
Press, Evanston, Ill., paperback, 1965. 

This is a completely ^mathematical, very short exposition 
If the basic ideas of a rational approach to decision making It 
is a particularly clear statement of the essentials of decision 
analysis and it is illustrated by examples drawn from pub . 
policy. 

George, Claude S„ Jr, The History of Management Thought, Prentice-Hall, 
Inc., Englewood Cliffs, N.J., 1968. 

This interesting presentation of the history of management 
Tough horn ancient times until the present is useful since it 
gives some much needed perspective on how we arrived at our 
present approaches to decision making. 

Haire, Mason, editor: Modern Organizational Theory, John Wiley 8c Sons, 
Inc., New York, 1959. 

This book contains papers by a number of experts on the sub- 
ject of organization, most of which should be of const era e 
interest to executives. The theories of organizational behavior 
that are offered are largely industrial and of 

tion of the conflicts within organizations and problems ot 
decentralization. The articles of Dubin and Likert men 10 
in Chapter 9 are particularly apjiropriate lor execunves inte - 
ested in analytical approaches to organization problems. 

Higginson, M. Valliam: Managing ntiih EBP, American Management Associa- 
tion, New York, 1965, 111 pp- 

A nontechnical treatment of EDP written for 
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Kaufmann, Arnold: The Science of Decision Making, McGraw-Hill Book 
Company, New York, paperback, 1968. 

This exc ellent book surveys and exemplifies most of the well- 
known methods of quantitative analysis and a good deal more 
besides. Little mathematics is used (but a reader unfamiliar 
with mathematics may find the use of mathematical symbols a 
little heavy). There are many clear, well-chosen diagrams to 
illustrate the arguments. The many chapters without any 
mathematics may be read by themselves if necessary. 

Kepner, Charles H„ and Benjamin B. Tregoe: The Rational Manager, 
McGraw-Hill Book Company, New York, 1965. 

This book presents a systematic approach to problem solving 
and decision making. The material it covers precedes the use 
of quantitative methods in a specific decision problem. The 
authors include a variety of examples which demonstrate the 
need for the kind of approach they suggest. 

Lyden, Fiemont j., and Ernest G, Miller, editors: Planning-Programming- 
Budgeting: A Systems Approach to Management, Markham Publishing 
Company, Chicago, paperback, 1968. 

This collection of readings about the Planning-Programming- 
Budgeting system that President Johnson ordered should be 
used by all Federal agencies after its famous success in the De¬ 
fense Department. It provides an excellent background in this 
relatively new area that has many implications for the 
businessman. 

March, J, G., and H. A. Simon: Organizations, John Wiley & Sons, Inc New 
York, 1958. 

This is one of the best books on organizational theory. It in¬ 
cludes a brief summary of classical concepts starting with Tay¬ 
lor’s views of scientific management. It describes the con¬ 
straints on effective operation within organizations and dis¬ 
cusses group participation and conflict. The book concludes 
with a helpful discussion of the development and encourage¬ 
ment of innovation. 

Miller, David W„ and Martin K. Starr: The Structure of Human Decisions , 
Prentice-Hall, Inc., Englewood Cliffs, N.J., paperback, 1968. 

This nonmathematical book examines the range of decision 
problems from the point of view of an integrated decision the¬ 
ory. The authors try to demonstrate the underlying unity of a 
variety of approaches to decision problems. 
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Quade, E. S„ and W. I. Boucher, editors: Systems Analysis and Policy Plan¬ 
ning , American Elsevier Publishing Company, New York, 1968. 

This collection of lectures given by the RAND Corporation to 
high-ranking military officers deals with rational approaches 
to top-level decision problems—specifically, ones where it is 
not even clear what the objective ought to be. While the ex¬ 
amples in this book come from defense problems, the methods 
are of unusually great interest for general executives. 

Raiffa, Howard: Decision Analysis , Addison-Wesley Publishing Company, 
Inc., Reading, Mass., paperback, 1968. 

This book is a masterpiece of exposition covering decisions 
under uncertainty. The author deals with the entire subject: 
measurement of utilities, use of subjective probabilities, deci¬ 
sion trees, and so forth. Only algebra is used and the author 
has a very pleasant, informal style. 

Shuchman, Abe, editor: Scientific Decision Making in Business, Holt, Rinehart 
and Winston, Inc., New York, 1963, 568 pp. 

An introduction to operations research for nonmathemati¬ 
cians, consisting of fifty-two selections. It describes the 
aims and methodology of OR and in the last selection applies 
them to production management, marketing management, 
and financial management. A good elementary collection de¬ 
manding only a knowledge of beginning high school algebra. 

Sisson, Roger L„ and Richard G. Canning: A Manager’s Guide to Computer 
Processing , John Wiley 8c Sons, Inc., New York, 1967. 

This book describes how computer systems fit into a business, 
how they are designed and organized, and how they relate to 
other functions of a business. It presents a way of categorizing 
information for management purposes and among its many 
features includes explanations of computer terminology m 
management language. This book also contains an excellent 
bibliography. 

Solomon, Irving I., and Laurence O. Weingart: Management Uses of the Com¬ 
puter, Harper & Row, Publishers, Incorporated, New York, 1966, 224 pp. 

A nontechnical book offering guidelines for management 
planning and use of the computer for business data process¬ 
ing. Gives broad descriptions of computer capabilities, ex¬ 
plains the goals and procedures of the feasibility study, and 
describes the development and implementation of a computer 
system. 
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